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REMARKS 

These remarks are in response to the Office Action mailed November 12, 
2008 and are in furtherance of the Interview conducted with Examiner and 
Supervisor Stucker on May 22, 2009. Claim 15 has been amended. The 
amendments include subject matter already pending an under examination (see, 
e.g., claim 24), thus the amendments do not introduce matter that requires a new 
search. 

INTERVIEW 

We take this opportunity to thank Examiner Dutt and Supervisor Stucker for 
the interview conducted on May 22, 2009. In the interview, Applicant, Dr. Feifel, and 
Applicant's representative, Joseph Baker, discussed the invention and the novelty 
and non-obviousness of the invention. In particular, Applicant described the 
unrecognized benefit of NT in modulating serotonin-2A neurotransmission, a novel 
and non-obvious action of the present compounds and the use of such compounds 
in treating disorders that had not previously been described as treatable using such 
compounds. 

The Examiner suggested certain amendments may assist in moving the 
application to allowance (the Examiner is respectfully directed to page 3, the 
continuation sheet, of the Interview Summary). For example, the Examiner 
suggested adding the limitation "human" to the claims, as well as amending claim 15 
to include "disease or" to be consistent with the remainder of the claims. Applicant 
has introduced these amendments. Applicant respectfully submit that those of skill 
in the art use the term "disease" and "disorder" interchangeably to refer to anxiety, 
depression and bipolar symptoms. 

In addition, the Examiner and the Examiner's supervisor appear to believe 
that the hyperactivity of the animal models used in the disclosure is indicative of 
anxiety. Animal models of anxiety do not involve increased locomotor activity such 
as produced in the amphetamine-induced hyperactivity model and, in fact, tend to 
involve expressions of decreased or restricted activity by an animal. In animals, 
fear/anxiety results in defensive behaviors, such as freezing or avoiding open, 
lighted areas in favor of dark, confined (e.g. protected) places and these defensive 
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behaviors are exploited by scientist to study anxiety and investigate potential 
treatments. Amphetamine-induced increase in locomotion is not, by convention, 
considered a model of anxiety or depression. 

The most common behavioral animal tests of anxiety are elevated plus maze, 
light-dark box, open field test and freeze behavior (see, e.g., Calabrese, Clin. Rev. 
Tox., Vol 38, pp. 489-542, 2008, attached hereto as Appendix A). 

• Elevated plus maze - consists of two open arms and two enclosed arms. 
Animals avoid entering the open arms where they are exposed. The degree to 
which animals spend more time in dark vs. light arms is a quantifiable 
measure of their anxiety. Drugs that increase proportion of time in light arms 
are considered to have anti-anxiety potential (see, e.g., Merali et al., 
Psychopharm., vol. 201, pp. 115-123, 2008, attached hereto as Appendix B). 

• Light-dark box - Like elevated plus maze, has light and dark section but 
instead of a maze, is a box. Drugs that increase proportion of time in light 
section are considered to have anti-anxiety potential. 

• Open field test - Animals movements in a box with four walls and no roof is 
analyzed. The extent to which animals avoid being in the center area 
(exposed) and prefer staying close to the walls of the apparatus is a measure 
of their anxiety. Drugs that increase proportion of time in central section are 
considered to have anti-anxiety potential (see, e.g., Prut et al., Eur. J. 
Pharmacol., Vol. 463, pp. 3-33, 2003, attached hereto as Appendix C). 

• Freeze behavior - the degree to which animals display freeze behavior 
(becoming motionless) in response to some stimulus (e.g. loud noise) is a 
measure of animals anxiety. Drugs that reduce freeze behavior are 
considered to have anti-anxiety potential. 

• Fear Potentiated Startle - A neutral stimulus (e.g. red light) is paired with 
mildly painful stimulus (e.g. footshock). Animals learn to associate neutral 
stimulus with pain and neutral stimulus becomes fear conditioned stimulus 
inducing anxiety. Degree to which sound induced startle response in an 
animal is increased when sound is paired with fear conditioned stimulus (red 
light) relative to when sound is presented by itself is a measure of anxiety. 
Drugs that reverse the potentiation of startle produced by the fear condition 
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stimulus are considered to have anti-anxiety potential (see, e.g., Shilling etal., 
Pharmacol. Biochem. And Behav., Vol. 90, pp. 748-752, 2008, attached 
hereto as Appendix D). 

SUMMARY OF THE DISCLOSURE 

Different types of brain receptors are known to play a role in the improvement 
of the symptoms of certain psychiatric disease and disorders including 
schizophrenia. Stimulation of dopamine receptors for example by dopamine which is 
released from certain neurons into certain synapses between neurons produces 
certain symptoms, namely hallucinations (e.g., hearing voices) and paranoid 
delusions, termed "positive" symptoms of psychosis seen in schizophrenia. Certain 
drugs including amphetamines are agonists of dopaminergic receptors and stimulate 
these receptors. Amphetamine for example, stimulates dopamine receptors by 
causing dopamine containing neurons to release dopamine and by inhibit the 
reuptake and removal of released dopamine thus extending the duration of 
dopamine effects on dopamine receptors. In humans amphetamine can induce 
"positive" symptoms of psychosis similar to that experienced by schizophrenia 
patients. In animals amphetamine will produce certain behavioral effects such as a 
stimulation of their locomotor activity and reduces prepulse inhibition (PPI), a normal 
physiological phenomenon that is a measure of sensorimotor gating. Drugs that 
reduce the stimulation of dopamine receptors can reverse the effects of 
amphetamine. Investigators can identify drugs that reduce dopamine receptor 
stimulation by finding drugs that reverse the effects of amphetamine in animals. 
Such drugs would be expected to improve positive symptoms of schizophrenia 
similar to "typical" or "first generation" antipsychotics. Hertel et al. and Feifel et al. 
teach and suggest only that NT agonists reduce stimulation of dopamine receptors. 

Serotonin receptor are a distinct class of receptors from dopamine receptors 
and there are several types of serotonin (5-HT) receptors. The serotonin-2A 
receptors is one type of serotonin receptor implicated in the improvement of certain 
psychiatric symptoms aside from positive symptoms of schizophrenia. Serotonin 
released by one neuronal cell binds to and activates 5-HT2A receptors on an 
adjacent cell causing activation of the neuron. Reduction of stimulation of serotonin- 
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2A receptors, either alone or in conjunction of reduction of stimulation of dopamine 
receptors, improves "negative" symptoms of schizophrenia, cognitive deficits seen in 
schizophrenia and also abnormal mood and anxiety symptoms seen in 
schizophrenia and other disorders such as bipolar disorder, depression and anxiety. 
DOI is an agonist of serotonin-2A (5-HT2A). It binds to the serotonin-2A receptor in a 
way similar to serotonin and produces strong activation of those receptors. 
Stimulation of serotonin-2A receptors can produce reduction of PPI just like 
stimulation of dopamine receptors, albeit by a completely different biochemical 
pathway. Drugs that reduce stimulation of serotonin-2A receptors reverse the PPI 
effects of DOI but not amphetamine. Similarly drugs that only block dopamine 
receptors reverse PPI effects produced by amphetamine but not DOI. Investigators 
can identify drugs that reduce serotonin-2A receptor stimulation by finding drugs that 
reverse the effects of DOI in animals. Such drugs would be expected to improve 
negative symptoms and cognitive deficits of schizophrenia and to improve symptoms 
of many other disorders such as depression, bipolar disorder and anxiety. 
This is what is demonstrated by the present application, i.e., it was demonstrated 
that NT agonists such as NT69L and PD149163 reverse DOI-induced PPI reduction. 
This was a property of NT agonists not previously taught or suggest in the art. 

Typical antipsychotics reverse amphetamine but not DOI induced PPI 
reduction. This is consistent with their known ability to strongly bind and block 
dopamine receptors but not serotonin-2A receptors. Typical antipsychotics are 
efficacious for positive symptoms of schizophrenia but not highly efficacious for 
negative symptoms, cognitive deficits of schizophrenia or for bipolar disorder, 
depression or anxiety. In contrast, "atypical" or second generation antipsychotics are 
known to bind to and inhibit both dopamine and serotonin-2A receptors and these 
drugs, unlike typical antipsychotics, can reverse both amphetamine and DOI induced 
PPI effects in animals. Atypical antipsychotics are used to treat a wide variety of 
neuropsychiatric symptoms including negative and cognitive deficits of 
schizophrenia, bipolar disorder, depression and anxiety and this is mostly made 
possible by the fact that they modulate serotonin-2A receptors. 

The ability of drug to inhibit alpha-1 receptors is also thought to be beneficial 
in treating psychiatric symptoms. However, this the therapeutic benefit of inhibiting 
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alpha-1 receptors is thought to only be exhibited in the presence of existing inhibition 
of either serotonin-2A or dopamine receptor inhibition (augmentation effect). 
Investigators can test the ability of a drug to inhibit alpha-1 receptor activation by 
testing its ability to reverse PPI disruption produced by an alpha-1 agonist such a 
cirazoline. The ability of NT agonists to inhibit alpha-1 receptor activation is what was 
demonstrated in the disclosure in addition to serotonin-2A receptor inhibition. This 
was not taught or suggested by the cited references. The ability of NT agonists to 
inhibit alpha-1 activation in addition to inhibition of activation of serotonin-2A and 
dopamine makes NT agonists highly auspicious for the treatment of a wider variety 
of psychiatric symptoms. 

Typical and atypical antipsychotics reduce activation of receptors, be it 
dopamine, serotonin-2A or alpha-1 by binding to those receptors. NT agonists are 
able to reduce activation of these receptors despite the fact that they do not bind any 
of these receptors. It is thought that they are able to do this by activating NT 
receptors which in turn shut down the pathways in which dopamine, serotonin and 
alpha receptors act. Thus NT agonists represent a novel mechanism by which to 
reduce activation of these receptors. 

One major problem with atypical antipsychotics is that they frequently produce 
weight gain, diabetes and elevated cholesterol. NT agonists, on the other hand, 
reduce food intake and weight. Thus NT agonists may represent a way to treat many 
of the psychiatric disorders currently being treated with atypical antipsychotics with 
much less side effects. 

As set forth in the specification, typical and atypical psychotropic drugs act by 
binding to the dopaminergic receptor (typical) or to the serotonin-2A and 
dopaminergic receptor (atypical). NT agonist, however, act by yet a further 
mechanism and do not bind to either of these receptor, yet are capable of inhibiting 
serotonin-2A and/or alpha-1 receptor mediated neural function. The present 
disclosure provides an unrecognized therapeutic drug for the treatment of various 
psychotic diseases and disorders that is independent of dopaminergic and serotonin- 
2A receptor mediated activity. 

Furthermore, as the specification demonstrates DOI is an agonist of the 
serotonin-2A receptors not dopamine receptors. Blocking of the serotonin-2 receptor 



Attorney's Docket No. 00015-067US1 
Application No. 10/538,245 
Page 11 of 15 

produces therapeutic benefit for a wide variety of psychiatric disorders other than 
schizophrenia and even for a wider range of symptoms suffered by schizophrenia 
patients (negative and cognitive symptoms) than blocking of dopamine receptors 
alone . Blocking of alpha-1 receptors in the presence of blocking serotonin-2A 
receptors further enhances the ability to treat this wide range of symptoms. The 
specification and data show that neurotensin agonists such as NT69L and 
PD149163 reverse the effects of DOI and cirazoline, selective serotonin-2A and 
alpha-1 receptor agonists, respectively. The ability to block transmission at 
serotonin 2A and alpha-1 receptors were not known to be a pharmacological 
property of neurotensin agonists prior to the studies described in the present 
application. 

The animal model of PPI disruption produced by drugs such as amphetamine 
or DOI or cirazoline provides researchers information about the pharmacological 
properties. A drug which reverses PPI disruption by amphetamine, a dopamine 
receptor agonist, may not reverse PPI disruption by DOI which is a serotonin-2 
agonist and vice versa. Similarly with cirazoline, a selective alpha-1 agonist. 
Regardless of pathophysiology relationship, drug-induced PPI disruption provides a 
specific in vivo "assay" to obtain knowledge about the specific pharmacological 
properties of a test drug. This function of the drug induced PPI disruption rat model 
was a feature underlying the discovery of new, therapeutically relevant, 
pharmacological properties associated with neurotensin agonists such as NT69L and 
PD149163. 

REJECTION UNDER 35 U.S.C. §103 

Claims 15-16, 18, 22, 24 and 26 stand rejected under 35 U.S.C. §103 as 
allegedly unpatentable over Hertel etai. (Eur. J. Pharmacol. 422:77-81, 2001), in 
view of Feifel etal. (Brain Res. 760:80-84, 1997). Applicants respectfully traverse 
this rejection. 

Applicant previously addressed the combination of Hertel et al. and Feifel et 
al. The Examiner maintains the rejection in view of Applicant's prior remarks for the 
following reasons. 
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The Office Action indicates that the mechanism of action, although argued in 
Applicant's prior response, was not a limitation of the claims being argued. Applicant 
has amended the claims (claims 15 and 16) to support the serotonin-2A mediated 
inhibition demonstrated by the invention (previously examined in claim 24). It is 
important to understand that identification of this mechanism provides for novel 
methods of treatment for diseases not previously recognized as being treatable with 
an NT agonist. 

The Office Action also alleges in a post filing reference (Bennett et al.) that 
schizophrenia is an anxiety/depression disorder. Applicant respectfully disagrees 
with the interpretation of Bennett et al. particularly considering the Bennett et al. is a 
purely "speculative essay" (see, first line of "Conclusion"). Thus, Applicant 
respectfully submits that the reference being relied upon is a non-enabling reference 
with no scientific foundation for the assertion being relied upon by the Examiner. 

The Office Action further alleges that hyperactivity is shown to be associated 
with anxiety/depression and sleep disorders (citing Svestka, Neuroendocrin Lett, 
29:65-92, 2008). It is unclear to the Applicant what relevance the Svestka reference 
serves other than to possibly indicate hyperactivity and anxiety are sometimes 
associated. However, Applicant submits that each of hyperactivity and anxiety are 
not indicative of each other since both have their own etiology. 

Furthermore, the Office Action rejections claims 24-26 because a new use for 
an old compound does not render the compound novel (citing to AtlasPowder Co. v. 
Ireco Inc., 190 F.3d 1342, 1347, 51 USPQ2d 1943, 1947 (Fed. Cir. 1999). Applicant 
submits that the claims are not directed to a compound, but are rather directed to a 
method of using a compound. The Examiner will recognize that new uses for old 
compounds are patentable (i.e., methods of use are patentably distinct from a 
composition). Accordingly, the citation of AtlasPowder Co. v. Ireco Inc. is in error 
because the holding is AtlasPowder is not relevant to the present claims. 

The Office Action further alleges under this Section 1 03 rejection that "the 
claiming of a new use, new function or unknown property which is inherently present 
in the prior art does not necessarily make the claim patentable." (See Page 6 of the 
Office Action, emphasis ours). Applicant submits that inherency predicated upon 
obviousness requires far more than a mere assertion and should truly require a 
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teaching, suggestion or motivation (TSM) requirement. In other words, 
"Obviousness cannot be predicated on what is unknown." In re Spormann, 363 F.2d 
444, 448 (C.C.P.A. 1966). Furthermore, a proper analysis for inherency requires 
that the inherent feature "necessarily flow" from the reference being cited. Here, it is 
well recognized that the etiologies of schizophrenia and bipolar, anxiety and 
depression are very different, thus the use of a compound for schizophrenia does not 
necessarily suggest and effective therapy for bipolar disease and disorders, anxiety 
diseases and disorders or depression diseases and disorders. This is evidenced by 
the use of different drugs to treat schizophrenia vs., for example, bipolar diseases. 
In other words, use of one drug to treat schizophrenia does not necessarily mean the 
drug can be used to treat depression. 

Thus, Hertel et al. in combination with Feifel et al. fail to teach or suggest (i) 
improving symptoms by increasing sensorimotor gating in a subject having a bipolar 
disease or disorder, an anxiety disease or disorder or a depression disease or 
disorder (see, e.g., claims 15 and 16); and (ii)fail to teach or suggest any aspect of 
claim 24. 

Hertel et al. and Feifel et al. teach that NT agonists reverse amphetamine- 
induced increase in locomotor activity and amphetamine-induced prepulse inhibition, 
respectively. As described above, amphetamine produces these effects by 
stimulation of the dopamine receptor function. Hertel etal. and Feifel etal. thus 
teach and suggest that NT69L blocks stimulation at dopamine receptors. However, 
in contrast, the disclosure demonstrates NT agonist including NT69L and PD149163 
block stimulation of 5-HT2A receptors since it blocks PPI disruption by DOI which 
reduces PPI by activation of 5-HT2A, but not dopamine, receptors. 

Nothing in Hertel et al. or Feifel et al. teach or suggest the use of an NT 
agonist in the treatment of bipolar diseases or disorders, anxiety diseases or 
disorders or depression disease or disorders. Furthermore, the references when 
combined do not teach or suggest modulating any of the disease or disorders above 
as described in claim 24. Nothing in the references teach or suggest a role of NT 
agonist as putative atypical antipsychotics that modulate serotonin and dopaminergic 
pathways without interacting with the respective receptors (5HT-2A and D2, 
respectively). Because Hertel et al. and Feifel et al. recognized only the ability to 
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modulate dopaminergic receptors a biochemical effect that, by itself, has only a 
limited ability to improve symptoms of psychiatric disorders, namely positive 
symptoms in schizophrenia, but not the symptom spectrum in other disorders such 
as bipolar disorder, depression and anxiety. In contrast, modulation of serotonin 
receptors, by itself or in combination with modulation of dopamine receptors has 
been demonstrated to produce improvements in a broad spectrum of psychiatric 
disorders. 

In contrast to Hertel et al. and Feifel et al., the disclosure demonstrates that 
NT agonist have a broader spectrum of biochemical effects than just inhibition of 
dopamine receptors, namely that NT agonists modulate serotonin-2A receptors. This 
discovery demonstrates that NT agonists have a potential to treat a wider range of 
psychiatric symptoms that previously assumed when they were know only to 
modulate dopamine receptors. 

Claims 15-17 and 25 stand rejected under 35 U.S.C. §1 03(a) as allegedly 
being unpatentable over Hertel et al. and Feifel et al. in view of Costa et al. (Eur. J. 
Pharm. 428:97-1 03,2001 ). Applicant respectfully traverses this rejection. 

Applicant incorporates the comments above with respect to this rejection. 
Costa et al. is combined with Hertel et al. and Feifel et al. to allegedly provide the 
element of treating a subject with SR48692 and SR1 42948. Applicant submits that 
the piecing together of elements of the disclosure fails to view the invention as a 
whole. 

Taken as a whole, the disclosure demonstrates that NT agonist provide a 
class of novel drugs useful for a broader spectrum of diseases and symptoms 
disorder that could not otherwise be treated with therapeutics that modulate 
dopaminergic receptor activation alone (as allegedly taught by the cited references.). 
Taken as a whole, the combination of Hertel et al., Feifel et al. and Costa et al. fail to 
teach or suggest the treatment of bipolar diseases or disorders, anxiety diseases or 
disorders or depression disease or disorders. 

At the root of a prima facie obviousness rejection is the fact that the elements 
set forth in the claims must be taught by the reference or references when combined. 
The combination of Hertel et al., Feifel et al. and Costa et al. do not teach or suggest 
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each and every element of the claimed invention and thus fails to provide a prima 
facie case of obviousness. 

For, at least, the foregoing reasons the claims submitted herewith are non- 
obvious over the references either alone or in combination. 

For at least the foregoing, the Applicant submits that the claimed invention is 
patentable and request reconsideration and notice of such allowable subject matter. 

The Director is authorized to charge any required fee or credit any 
overpayment to Deposit Account Number 50-4586, please reference the attorney 
docket number above. 

The Examiner is invited to contact the undersigned at the below-listed 
telephone number, if it is believed that prosecution of this application may be 
assisted thereby. 

Respectfully submitted, 
Gavrilovich, Dodd & Lindsey LLP 

Date: December 4. 2009 Bv: /Joseph R. Baker. Jr./ 

Joseph R. Baker, Jr. 
Registration No. 40,900 

4660 La Jolla Village Drive, Suite 750 
San Diego, California 92122 
(858) 458-3607 (Main) 
(858) 458-9986 (Fax) 
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An Assessment of Anxiolytic Drug Screening Tests: 
Hormetic Dose Responses Predominate 
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This article provides a comprehensive assessment of dose response relationships for anxiolytic 
(i.e., anxiety-reducing) agents within a broad representation of the animal model screening 
tests. These screening tests include the elevated plus maze test, light-dark test, hole board test, 
open field test, four plates test, social interaction test, Vogel's conflict test, staircase test, freeze 
behavior test, forced swimming test, tail suspension test, communication box test, and immobi- 
lization/cold stress test. The analysis revealed that hormetic-like biphasic dose responses were 
commonly observed across all screening tests, independent of the animal model, the conditions 
of the test, modifications of tests by investigators, and the chemical class of agents tested. The 
quantitative features of the dose response, as measured by the magnitude and width of the 
stimulation at low doses, were similar across all screening tests and experimental conditions, 
regardless of the mechanism and receptor activation pathway identified. These findings, which 
add more support to the perspective that the hormetic dose response represents the most fun- 
damental and common dose-response model in the biomedical and toxicological sciences, have 
important implications for the process of drug discovery/development, clinical evaluation, and 
quantitative expectation of drug treatment effects. 



Keywords anxiety, anxiolytic, biphasic, conflict test, depression, dose-response, elevated plus 
maze test, forced swimming test, four plates test, GABA, hole board test, hormesis, 
light-dark test, open field test, partial agonist, social interaction test, staircase test, 
stress, tail suspension test, ulcer, U-shaped 



Experimental behavioral pharmacology is strongly driven by 
the pharmaceutical industry and governmental research funding 
initiatives, typically leading to the development of new and im- 
proved drugs or drug applications with the intention of improv- 
ing human lives in a variety of ways. As a group, anti-anxiety 
drugs have received extensive evaluation in the biomedical lit- 
erature, with particular emphasis on a broad spectrum of anx- 
iolytic drug screening tests (File and Hyde, 1978; File, 1980; 
Treit, 1985; Hogg, 1996; Kulkarni and Reddy, 1996; Bourin, 
1997; Hascoet et al„ 2001; Borsini et al., 2002; Sanchez, 2003; 
Prut and Belzung, 2003; O'Neil and Moore, 2003; Bourin and 
Hascoet, 2003 ; Ripoll et al. , 2003 ; Mc Arthur and Borsini, 2006). 
While such screening tests can serve a wide range of research 
interests, the frequent inclusion of a large number of doses often 
permits a detailed evaluation of the dose-response relationship. 
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These powerful study designs have often been coupled or se- 
quenced with the use of synthetic agonists and/or antagonists 
that have led to the identification of mechanistic pathways by 
which the dose response is affected. Despite the robustness of 
the experimental data bases for anxiolytic drug screening, a de- 
tailed and integrated analysis of general dose response features 
of this class of drugs has been surprisingly lacking. Nonetheless, 
the dose-response concept is of fundamental importance in the 
process of drug discovery, development, and clinical evaluation, 
being able to significantly impact potential success al each step. 

The present analysis provides a detailed assessment of the 
dose -response features and the underlying mechanistic frame- 
work for the broad body of anxiolytic drugs based on the most 
commonly employed and validated screening tests. Of particular 
significance is that the most commonly observed dose-response 
relationship is the inverted TJ-shape. which displays the same 
quantitative features of the hormetic dose-response relationship, 
a model widely reported in other biomedical sciences, where 
responses are independent of biological model, endpoint, and 
chemical class. While these findings have general significance 
concerning the fundamental nature of the dose response, they 
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FIG. 1. Aerial view of elevated phis mazes lor mice and rats. 
Dimensions of each apparatus are indicated. (Source: Onaivi 
etal., 1990). 

may also have particular relevance to drug discovery in gen- 
eral and anxiolytic drugs in particular, leading to strengthened 
study designs in animal screening tests and in clinical trials, and 
reducing the risk of missing candidate drugs. 

This article provides a detailed assessment of the most sig- 
nificant anxiolytic screening tests, with each specific test section 
containing an initial brief description of the screening test, fol- 
lowed by a detailed evaluation of the dose response, including 
its qualitative and quantitative features and mechanistic basis. 
Particular emphasis is given in each screening test section for 
the inclusion of graphs of representative hormetic-like dose re- 
sponses. A concluding discussion section is included that in- 
tegrates the (hidings of the individual screening tests and the 
biomedical implications for the hormetic dose response in the 
assessment of anxiolytic drugs. 

ELEVATED PLUS MAZE (EPM) TEST 

The elevated plus maze (EPM) test is commonly employed 
as an initial screening evaluation for the assessment of potential 
anxiolytic agents. It is an experimental system that is easy to 
use and yields data in an efficient manner. The EPM test has the 
advantage of needing no prior training of animals, nor the use of 
food or water deprivation. Despite these important advantages, 
the EPM test has limitations since the animals cannot be reused 
due to possible habituation. Even though this test has broad 
predictability, there are some agents or classes of agents, such 
as 5-HT 1A agonists, that may yield false negatives. 

The EPM test offers a procedure that takes advantage of the 
natural exploratory behavior of rodents once they are placed in 
an elevated maze, consisting of two (opposite) open and two (op- 
posite) closed (walled) alleys (Figure 1). The animals explore 
the different alleys, with the open-arm alleys being more aver- 
sive than the closed ones. Anxiolytic drugs aid in overcoming 
the fear- induced inhibition of open alley exploration. The typical 
endpoints measured include the number of open and closed al- 
ley entries and the time spent in each alley. Occasionally, other 



endpoints are measured, including frequency and duration of 
"scanning," which is the protruding of the head over the edge 
of an open arm and fanning with the vibrissae (i.e., hair growth 
at the nares) in any direction, "risk assessment." which is the 
protruding from an enclosed arm with the forepaws and head 
only, and "end activity," which is the amount of time spent at the 
end of an open arm. 

The EPM test was developed by Pellow et al. (1985) and 
Pellow and File (1986) to assess anxiolytic and anxiogenic drug 
effects on exploratory activity in rodents. This 1986 paper be- 
came widely accepted and has been cited in about 1,700 papers 
in the Web of Science database some 20 years later. 

There can be considerable variation in experimental proto- 
cols when the EPM is used. For example, in some studies the 
animal is placed facing an open alley while in other experi- 
ments it may be placed facing a closed alley. How behavior is 
scored can also differ. Typically four paws are required to be 
placed in the alley for a "score," but some times only two paws 
have been required. The duration of observation may also vary 
from 3 to 5 min. The 5-min period was initially selected be- 
cause Montgomery (1958) showed that the avoidance behavior 
was quite marked during this period; however, it began to de- 
crease by the end of a 10-min period. Of significance is that 
performance in the EPM was consistent when repeated over 
multiple days, not making it susceptible to the so-called "one- 
day-tolerance" phenomenon as seen in the Four Plates Test. 
These factors have conlribuled lo making (he HPM widely used 
since it can be adapted to (he individual needs of investigators 
while offering the capacity for reproducible findings within a 
screening protocol where (he endpoints are inlerprelable within 
the context of the biological/psychological understandings of 
anxiety. 

A wide range of compounds has displayed biphasic dose 
responses in the EPM (Figure 2, a-t). As seen in Ta- 
ble 1, these diverse agents likely act via a broad array of 
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FIG. 2a. Effects of diazepam on total arm entries in the elevated 
plus-maze test with multiple mouse strains. (Source: Griebel 
et al., 2000a, Figure 4, p. 167). 
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Diiire ait! lift ! 'ksi) FIG. 2d. Effect of NAN-190, a mixed 5-HT 1A ago- 

nist/antagonist, on male Swiss-Webster mice in the elevated 
FIG. 2b. The effect of diazepam on open arm entries in plus-maze test. (Source: Cao and Rodgers, 1997, Table 1, p. 
male Sprague-Dawley rats in the elevated plus-maze test. 599). 
* Significantly different from controls at /> < .05. (Source: 
Moser et al., 1990, Figure 5, p. 347). 



pharmacologic;) 1 receptors, including the gamma-aminobutyric 
acid (GABA)/ben/odia/epines (Figure 2, a and b), the 5- 
hydroxytryptamine (5-HT) family (i.e., 5-HTi A , 5-HT3, and 
5-HT 4 ) (Figure 2, c-f), adrenergic (Figure 2g), cholecys- 
tokinin (CCK) (Figure 2h), dehydroepiandrosterone (DHEA) 
(i.e., GABA receptor) (Figure 2i), dopamine (Figure 2j), NK 
(Figure 2, k and 1), nitrous oxide (i.e., benzodiazepine recep- 
tor) (Figure 2, m and n), N-mefhyl-D-aspartate (NMDA) (Fig- 
ure 2o), and adenosine (Figure 2p), among others (Figure 2, 
q-t). An analysis of the dose responses of numerous agents act- 



ing through about a dozen different receptors reveals strikingly 
similar quantitative feamres of the dose response as seen by the 
magnitude and width of the stimulatory responses. Thebiphasic 
responses in these experimental conditions have been assumed 
to result from a mixed agonist/ antagonist effect (Melchior and 
Ritzmann, 1994a, 1994b; Momose et al., 1998) in which the 
agent acts at two sites, a high-al'linily stimulatory site and a 
low-affinity inhibitory site (Smith et al., 2004). 

The magnitude of the stimulatory response is typically less 
than twice that of the control group, being usually only 30-60% 
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FIG. 2c. Effect of a typical (granisetron) and an atypical 

(VA21B7) 5-HT3 receptor antagonist on percent entries in FIG. 2e. Effect of 8-OH-DPAT, a 5-HT 1A receptor agonist, 

open arms of the elevated plus-maze test in male Wistar rats, on male Swiss Albino mice in the elevated plus-maze test. 

* Significantly different from controls at p < .05. (Source: Ar- * Significantly different from controls at p <. 05. (Source: Nunes 

taiz et al., 1995, Table 1 , p. 143). de-Souza et al., 2000, Table 1 , p. 303). 
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FIG. 2f. Effects of 5-HT 3 (granisetron) or 5-HT 4 (GR 113808 
and SB 204070) antagonists in the elevated plus maze test in male 
Sprague-Dawley rats. * Significantly different from controls at 
p <.05. (Source: Silvestre et al., 1996, Table 1, p. 221). 



greater than control at maximum, although there are exceptions 
to this general perspective. The width of the stimulatory re- 
sponse was usually within 20-fold dose range of the estimated 
threshold, although there were several cases when the stimula- 
tory range approached and exceeded 1,000-fold (e.g., CR 2945, 
Figure 2h; DHEA, Figure 2i; motilin, Figure 2r; and cannabid- 
iol, Figure 2s). These quantitative features of the dose response 
are generally similar not only across agents and receptors but 
also across various strains of mice, rats, and other models such 
as gerbils. These findings indicate that there is a performance 
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FIG. 2h. Effects of the non-peptide CCK B receptor antagonist, 
CR 2945, on male GDI mice in the elevated plus-maze test. 
* Significantly different from controls at p < .05. (Source: Revel 
etal., 1998, Figure l,p. 188). 

(i.e., stimulatory magnitude) limitation with respect to a drug- 
induced anxiolytic (and anxiogenic) effect consistent with the 
pharmacological ceiling effect. Regardless of the receptor-based 
initiating pathway, the dose-response features are similar, sug- 
gesting biological plasticity w ithin which the response is con- 
strained. Even manipulation of the binding sites does not nec- 
essarily alter these quantitative features of the dose response. 
For example, the anxiolytic effect induced by low doses of di- 
azepam is associated with allosleric benzodiazepine sites. Dele- 
tion of the type I GABA subunit binding site in knockout mice 
effected a compensatory increase in Type II GABA binding 
sites, which modulated the magnitude of the dose response 
but still resulted in behavioral responses consistent with the 
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FIG. 2g. Effectsofa-adrenoceptorantagonistoragonistligands 
on maze exploration with male Lister rats. Significantly differ- 
ent from controls at p < .05. (Source: Handley and Mithani, 
1984, Tables 2 and 3, p. 3). 
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FIG. 2i. Number of open arm entries in the elevated plus maze in 
male C57BL/6 mice treated with DHEA. * Significantly different 
from controls at p < .05. (Source: Melchior and Ritzmann, 
1994b, Figure l,p. 439). 
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FIG. 2j. Effect of rotigotine, a dopamine agonist, in the elevated 
plus-maze test in male Sprague-Dawley rats. (Source: Bertaina- 
Anglade et al., 2006, Table 1, p. 110). 



quantitative features of the hormetic dose response (Kralic etal., 
2002). 



Summary of Several General Research Areas 

(1 ) NMDA Antagonists and Anxiolytic Effects 

In the early 1990s anxiolylic-like effects were reported for the 
NMDA receptor antagonist 10-a-amino-7-phosphonoheptanoic 
acid (AP7) following injection into the dorsal periqueductal 
grey (DPAG) region of male Wistar rats using the elevated 
plus maze (Guimaraes et al., 1991). These findings confirmed 
and extended earlier studies of Stephens et al. (1986) demon- 
strating that NMDA antagonists induced anxiolytic-like effects 
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FIG. 2k. Effects of substance P, an endogenous NKi agonist, 
on the behavior of male Swiss mice in the elevated plus-maze 
test. * Significantly different from controls at p < .05. (Source: 
Teixeira et al., 1996, Figure 1A, p. 9). Note that this agent is 
inducing an anxiogenic response at low doses. 



Substance P fug/kg) 

FIG. 21. Effects of substance P, an endogenous NKj agonist, 
on male Wistar rats in elevated plus-maze test. * Significantly 
different from controls at p < .05. (Source: Hasenohrl et al., 
1998, Table l,p. 127). 



when administered peripherally. I hese two key observations led 
Guimaraes et al. (1991) lo hypothesize that nitric oxide, which 
activates NMDA receptors in the DPAG, may increase anxiety. 
Several follow-up studies have been based upon this associa- 
tion between NO and NMDA receptors. Using the elevated plus 
maze, L-NOARG and L-NAME, two inhibitors of nitric oxide 
synthase (NOS) (Guimaraes et al, 1994), and methylene blue 
(MB), a vital nontoxic dye (de Oliveira and Guimaraes, 1999; 
Eroglu and Caglayan, 1997) with notable effects on the nitrergic 
system, including its inhibition of NOS (Mayer el al., 1993), 
were assessed with male Wistar rats, hi the case of MB, it was 
either injected into the tail vein (Eroglu and Caglayan, 1997) 
or microinjected into the DPAG (de Oliveira and Guimaraes, 
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FIG. 2m. Effect of methylene blue on performance of male Wis- 
tar rats in the elevated plus-maze test. "Significantly different 
from controls at p < .05. (Source: Eroglu and Caglayan, 1997, 
Figure 1, p. 383). 
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FIG. 2n. Effect of L-NOARG, a NOS inhibitor, on male Wistar 
rats in the elevated plus-maze test. * Significantly different from 
controls at p < .05. (Source: Guimaraes et al., 1994, Figure 3, 
p. 1931). 

1999) as was done for L-NAME and L-NOARG (Guimaraes 
et al., 1991). Regardless of the respective study designs, which 
used from three to six doses, the results produced U-shaped dose 
responses (Figure 2, n and o). The quantitative features of the 
dose response in each case were consistent with the hormetic- 
like biphasic dose response with respect to the maximum stim- 
ulalory response and the widlh of Ihe slimulalory range. Froglu 
and Caglayan ( 1997) speculaied lhal NO has either an enhanc- 
ing or inhibitory role in the generation of anxiety, depending on 
the magnitude of NOS inhibition. 

The MB treatment not only was anxiolytic but also was an 
antidepressant, based on the forced swimming test. This antide- 
pressant effect likewise displayed the U-shaped dose response. 
Despite the presumption that MB-induced anxiolytic and an- 
tidepressant effects appear to be related to its inhibition of NOS 
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FIG. 2p. Percentage of open arm time in the elevated plus-maze 
test for male ICR or MF1 mice treated with the adenosine agonist 
CPA. *Significantly different from controls at p < .05. (Source: 
Jain et al., 1995, Figure 2, p. 2128). 

and production of endogenous NO, the optimal dose for the anx- 
iolytic response occurred at a lower dose (7.5 vs. 15.0 mg/kg) 
than for the antidepressant effects. 

(2) Tachykinin Receptors (TKR) 

The tachykinin receptor (TKR) family was shown by Teixeira 
et al. (1996) to modulate anxiety responses in the EPM test in 
male Swiss mice via central mechanisms that were assessed 
by intra cerebroventricular administration of various TKR ag- 
onists and antagonists. Both NKj (e.g.. Substance P) (Figure 
2k) and NK 2 agonists induced a J-shaped dose response in the 
EPM based on entries and time spent in open arms of the maze. 




□ -cycloserine (rng/kq) 



FIG. 2o. Effect of D-cycloserine, a partial NMDA receptor ag- 
onist, on male and female Wistar rats in the elevated plus-maze. 
* Significantly different from controls at p < .05. (Source: Fer- 
reira and Morato, 1997, Figure 2, p. 1640). Note that this drug 
is inducing an anxiogenic response at low doses. 
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FIG. 2q. Effects of homeopathic drug preparations (dried moth 
tinctures of T. aphrodisiaca) in Laca mice in the elevated plus- 
maze test. Significantly different from controls at p < .05. 
(Source: Kumar and Sharma, 2005, Table 1, p. 119). 
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FIG. 2r. Effect of motilin, a peptide from the small intestine, 
on male ddY mice in the elevated plus-maze test. ^Significantly 
differenl from controls at p < .01. (Source: Momose etal., 1998, 
Figure l,p.l740). 

That is, low doses of these agonists increased anxiety while 
higher doses reversed this effect. However, the administration 
of synthetic antagonists for these respective TKRs displayed 
inverted U-shaped dose responses, with anxiety being reduced 
at low doses (Teixeira et al., 1996). NKi antagonists were also 
anxiolytic in gerbils with the EPM test (Varty et al., 2002a, 
2002b). It is interesting to note that Substance P, which was 
shown to induce a J-shape dose response in male Swiss mice in 
the EPM, induced a marked inverted U-shape in the same test 
in male Wistar rats (compare Figure 2, k and 1). That is, in the 
male Swiss mouse model Substance P was anxiogenic at low 
doses, whereas the opposite was the case in the male Wistar rat 
model. 

These findings are particularly interesting since the modu- 
lation of anxiety responses by the NKR agonists and antago- 
nists did not affect locomotor activity and motor performance 
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FIG. 2s. Effects of cannabidiol on male Sprague-Dawley rats in 
the elevated plus-maze test. * Significantly different from con- 
trols at p < .05. (Source: Onaivi etal., 1990, Table l,p. 1006). 



FIG. 2t. Anxiolytic effect of dl-THP, a naturally occurring al- 
kaloid, on ICR mice of both sexes in the elevated plus-maze 
test. * Significantly different from controls at p < .05. (Source: 
Leung et al., 2003, Figure 2, p. 777). 

in the rotarod test, thereby decoupling the anxiety response 
from these endpoints. Such findings are notable since they pro- 
vide a means of separating anxiety from sedation, a factor 
that can obscure the actual dose response since it may affect 
performance. 

Even though this study used synthetic antagonists, the find- 
ings suggest the possible existence of endogenous antagonists of 
TKR receptors that may serve a modulatory function. However, 
these findings reveal that NKiand NK 2 endogenous agonists 
biphasically affected the anxiety response and may themselves 
be part of a broader modulatory scheme. Regardless of whether 
the responses were of a J- or inverted U form, the TKR agonists 
and antagonists displayed dose-response relationships that were 
fully consistent with the hormetic dose response with respect to 
the magnitude and width of the stimulatory response. 



(3) Seizure-Inducing Agent (PTZ): Anxiolytic at Low Doses 

The seizure-inducing model agent pentylenetetrazol (PTZ) 
was assessed in the EPM at doses far below its capacity to cause 
seizures even at the highest dose tested. Using adult male DBA/2 
mice, PTZ affected an hormetic-like biphasic dose response, 
with anxiolytic effects occurring at low and anxiogenic effects 
at higher doses (Rodgers et al., 1995). This was demonstrated 
by an enhancement of open entries and shorter entry latency at 
low doses, while the opposite occurred at higher doses (Figure 
3). The mechanism by which PTZ affects anxiety-related be- 
havior is most likely due to its capacity to act via the picrotoxin 
site on the benzodiazepine/GABA receptor complex to alter the 
chloride influx (Pellow and File, 1986). 



(4) 5-HT 

Drugs stimulating the 5-HT 1A receptor have been broadly 
viewed as not displaying anxiolytic effects while often causing 
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TABLE 1 

Agents inducing biphasic dose responses in EPM 

Motilin 

Acts via motilin receptor 
Substance P/Substance P Methyl Ester 

Acts via a NKj receptor 
Rotigotine 

Acts via a dopamine agonist 
Propericiazine 

Acts via a dopamine receptor 
Methylene Blue 

Acts via the nitric oxide pathway 
L-NAME 

Acts via the nitric oxide pathway 
L-NOARG 

Acts via the nitric oxide pathway 
Cannibinoid 

Acts via a benzodiazepine receptor 
Pregnenolone Sulfate 

Acts via GABAa receptor 
Paeonol 

Acts via a MAO receptor 
Buspirone 

Acts via 5-HTia and 5-HT 3A receptors 
Way- 102635 

Acts via 5-HTia and 5-HT 3A receptors 
NAN- 190 

Acts via 5-HT 1A and 5-HT 3A receptors 
8-OH-DPAT 

Acts via 5-HTia and 5-HT 3A receptors 
Alcohol 

Acts via the GABA A receptor 
Naloxone 

Acts via the opiate receptor 
CR2945/CR1795 

Acts via the CCK receptor 
MCI-225 

Acts via an adrenergic receptor 
Dehydroepiandrosterone (DHEA) and its sulfate (DHEAS) 

Acts via the GABA receptor 
Neurokinin A 

A NK 2 receptor agonist 
FK888 

A NKi antagonist 
SR 48968 

A NK 2 antagonist 
dl-Tel rahy dropalmitine 

Acts at GABA A receptor benzodiazepine site 
Diazepam 

Acts via 5-HT 1A receptor 
MDL 7005EF 

Acts via 5-HT 1A receptor 
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FIG. 3. Effects of pentylenetetrazol (PTZ) on the behavior (per- 
cent open entries; percent time spent in open part of the maze) 
of male mice in the elevated plus-maze. * Significantly different 
from controls at p < .05. (Source: Rodgers et al., 1995, Figure 
3, p. 809). 

the opposite, thai is. being anxiogenic (file el al., 1987: Fellow 
etal., 1985; Critchley and Handley, 1987; Moser, 1989; Griebel, 
1995). However, a variely ol experimental interventions (Iljorlh 
et al., 1987; Kahn et al, 1988; Soubrie, 1986) that result in 
decreased and increased brain serotonergic activity may induce 
anxiolytic and anxiogenic-like actions, respectively (Soderpalm 
etal., 1989). 

I his dose-response ambiguity was unintentionally clarilied 
in research that was designed to assess possible anxiolytic-like 
effects of 5-HT active dmgs without the confounding of either 
consummatory behavior or punishment, w hich are often invoked 
in behavioral studies with 5-HT. In this study with male Sprague- 
Dawley rats. Soderholm et al. (1989) reported that a variety of 
5-HTi A receptor agonists (i.e.. buspirone. gepirone, ipsapirone, 
8-OH-DPAT) and L-5-HTP (L-5-hydroxytryptophan, a 5-HT 
precursor) displayed hormetic-like biphasic dose responses in 
Montgomery's conflict test, which is the EPM test. The doses 
used in this study were generally lower than reported in the ear- 
lier cited papers and may account for their lack of ability to 
detect the anxiolytic response. 

It was suggested that the biphasic dose response may result 
from a metabolic balancing function between activation of pre- 
and postsynaptic 5-HTi A receptors in anxiety-related neuronal 
pathways. The dose-response shift may result from a greater 
sensitivity of the pre-synaptic (auto) receptor as compared to 
postsynaptic 5-1 I I i.\ receptors, lints accounting for the narrow 
anxiolytic dose window of these 5-HT 1A agonists. 

(5) Adenosine Agonists 

That adenosine may affect anxiety behavior has been sug- 
gested by numerous studies indicating that the adenosine 
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antagonist caffeine can induce anxiogenic-like activity in an- 
imal models and humans (Baldwin et al., 1989; Charney et al., 
1985;Lokeetal., 1985; Uhdeetal., 1984; Imaizumietal., 1994). 
In addition lo Ihese suggeslive caffeine sludies implicaling a role 
of adenosine in anxiety behavior, adenosine is well known for its 
capacity to modulate the central neuron system activity pre- and 
postsynaptically. Presynaptic activation of Ai adenosine recep- 
tors typically inhibits the release of neurotransmitters including 
glutamate, acetylcholine, dopamine, 5-HT, and noradrenaline 
(Stone and Simmonds, 1991). In contrast, the A 2 adenosine re- 
ceptors increase the release of Ihese endogenous agonisls. On I he 
postsynaptic side, adenosine can increase potassium and chlo- 
ride conduclance while affecting neuronal sensitivity lo acetyl- 
choline and dopamine. 

Based on such experimental foundations, Jain et al. (1995) 
assessed the effects of cyclopentyladenosine (CPA), a selective 
Ai receptor agonist, on anxiety-like behavior using the elevated 
plus maze test with adult male ICR or MF1 mice. Testing was 
done 30 min after ip administration of the drug using routine 
evaluation procedures with a built-in replication and a study 
design that included 6 treatment levels over a 50-fold (0.005- 
0.25 mg/kg) dose range. The authors reported an hormetic-like 
biphasic dose response with a maximum increase in open arm 
entries of about 175% as compared to the control (100%) (Figure 
2p). The stimulatory dose range was in the approximate range of 
10-fold. However, the Ai antagonist CPX completely blocked 
the anxiolytic effect of CPA. 

While these findings closely linked the anxiolytic behavior 
with Ai receptor activation, exploration of A 2 receptor involve- 
ment added considerable complexity to developing biologically- 
based mechanistic understandings. Since the A 2 agonist DPMA 
had no impact on anxiolytic behavior in the EPM test by itself, 
Ihese initial findings seem lo clearly show Ai but no A 2 involve- 
ment in affecting the anxiolytic response. However, for some 
unexplained reason, the investigators tested both Ai and A 2 ag- 
onists at the same time. In this case, the A 2 agonist inhibited the 
Aireceptor-induced anxiolytic effect of the CPA. A compara- 
ble inhibition by A 2 receptors has been reported by Ferre et al. 
(1991) with dopamine 2 receptors. Similarly, A 2 receptor sup- 
pression of Ai receptor activation was proposed to account for 
the observations that low, but not high, doses of adenosine recep- 
tor agonists suppress amino acid release (Simpson et al., 1992). 

Interaction studies with anxiogenic doses of caffeine and 
subanxiolytic or anxiolytic doses of CPA were subsequently 
conducted. Subanxiolytic doses of CPA completely prevented 
the caffeine-induced anxiogenic effect. Similarly, an anxio- 
genic dose of caffeine prevented the anxiolytic effect of 
CPA. These findings suggest that the anxiogenic-like effects 
of caffeine may be due to its simultaneous blockage of Ai 
and A 2 receptors, for which caffeine has similar binding 
affinities. 

Adenosine Ai receptors have also been implicated in reduc- 
ing anxiety behavior in mice during active ethanol withdrawal 
(Concas et al., 1994; Kaplan et al., 1999; Prediger et al., 2004), 



using a variety of standard behavior tests, such as the open field 
test and the EPM test. Of particular practical interest is that 
adenosine agonists may offer important advantages over treat- 
ments with benzodiazepines, based on fewer concerns with side 
effects. 

In retrospect, it has been learned that anxiolytic effects in stan- 
dard behavioral tests have been mediated in some mouse models 
by benzodiazepine and adenosine receptors. That is, quite inde- 
pendently of each other, anxiolytic effects can be induced by 
adenosine A! receptor agonists and BDZ agonists. Both effects 
have been blocked by receptor antagonists. Both receptor ini- 
tiated events have the same dose-response features. In light of 
findings that an A 2 agonist blocked Ai agonist activation of anx- 
iolytic effects, it would be of interest to assess the effects of two 
anxiolytic drugs administered simultaneously as well as an Ai 
agonist and BZ antagonists (and their reverse) on the anxiety 
response. 

Summary 

The EPM test has been a principal component of the anxi- 
olytic drug screening framework for more than a decade. It has 
become so widely employed that not only are drugs routinely 
tested with it, but it has been one of the gold-standard tests to 
which comparison responses are often made. The data presented 
indicate that hormetic dose responses lor anxiolytic effects have 
been routinely and replicalively reported in the FPM using a 
variety of animal models and by agents acting ihrough a highly 
diverse range of receptor pathways. 

LIGHT-DARK TEST 

Historical Foundations 

In 1980 Crawley and Goodwin proposed a new test to evalu- 
ate anxiolytic effects called the light-dark (L-D) test. It was de- 
signed, as the authors noted, to be simple, accurate, quick, with 
no need for prior animal training, as well as lacking assumptions 
relating to the model's pain threshold or appetite. The L-D test is 
founded on observations that even though mice and rats display 
strong tendencies to explore a novel environment, lighted open 
areas have aversive properties that inhibit this exploratory be- 
havior. When given a choice between exploring a lighted open 
area or a dark enclosed one, the rodent will strongly favor the 
dark area. Anxiolytic agents would be expected to reverse this 
tendency. 

With this as their theoretical framework, Crawley and Good- 
win (1980) designed a lest chamber with light and dark sections. 
The dark section was painted black and covered. The light sec - 
tion was painted w hile and made open to a light source. The dark 
section had an area 50% the size of the light area (i.e., 66.6% to 
33.3% light-dark area ratio). 

hi their initial evaluation of the light-dark test system, Craw- 
ley and Goodwin (1980) employed male NIH albino mice in 
10-min sessions/animal, following an ip administration of a 
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FIG. 4. The effects of clonazepam (benzodiazepine) on light- 
dark (L-D)/dark-light (D-L) transitions and locomotor activity 
in male NIH mice. + Significantly different from controls at p < 
.05. (Source: Crawley and Goodwin, 1980, Figures 2 and 3, 
p. 169). 

test drug (i.e., two benzodiazepine drugs: clonazepam or chlor- 
diazepoxide, tested separately) some 30 min prior to evalua- 
lion. The endpoinls measured were the total number of tran- 
sitions across the partition between light and dark chamber 
sections and total locomotor activity counts in both areas. A 
key provision in this test was to ensure that any positive de- 
cision of enhanced exploratory behavior (i.e., lowered anxi- 
ety) was not simply due to a general increase in locomotor 
activity. 

In the testing of light-dark/dark-light transitions and loco- 
motor activity, Crawley and Goodwin (1980) employed seven 
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FIG. 6. Effects of flurazepam (benzodiazepine) on light- 
dark/dark-light transitions and locomotor activity in male NIH 
mice. * Significantly different from controls at p < .05. (Source: 
Crawley, 198 1 , Table 1 , p. 696). 

(500-fold dose range) and nine ( 1000-fold dose range) doses for 
clonazepam (Figure 4) and chlordiazepoxide (Figure 5), respec- 
tively. There was a dose-dependent increase in total locomotor 
activity and light-dark/dark-light transitions for both agents. 
Even though these drugs were effective in increasing locomotor 
activity in the light-dark test, they did not "appear to increase lo- 
comotor activity in a bare and undifferenlialied cage which was 
either uniformly illuminated or uniformly darkened," suggest- 
ing that these two dnigs may be affecting exploratory behavior 
rather than having a generalized effect on motor activity. This 
conclusion was reemphasized in subsequent papers with several 
benzodiazepines (Figures 6-9) (Crawley. 1981. 1985; Crawley 
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FIG. 5. Effects of chlordiazepoxide (benzodiazepine) on light- 
dark/dark-light transitions and locomotor activity in male NIH 
mice. *Signihcantly different from controls at p < .05. (Source: 
Crawley and Goodwin, 1980, Figures 2 and 3, p. 169). 



FIG. 7. Effects of diazepam (benzodiazepine) on light- 
dark/dark-light transitions and locomotor activity in male NIH 
mice. Note dose of 1.0 mg/kg replaced 0.5 mg/kg which was 
believed to have been made in error by authors. *Signihcantly 
different from controls at p < .05. (Source: Crawley, 1981, Ta- 
ble!, p. 696). 
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FIG. 8. The effect of diazepam on line crossing/5 mi. in 
the black and white test box using male albino BKW mice. 
* Significantly different from controls at p < .05. (Source: 
Costall et al., 1989, Figure 5, p. 782). 

and Davis, 1982; Crawley and Goodwin, 1980; Crawley et al., 
1984a,b; Belzungetal., 1987; Young and Johnson, 1991;Costall 
et al., 1989; Griebel et al., 2002a,b). Even though differentiating 
exploratory from locomotor activity was a critical methodolog- 
ical feature in the evaluation of potential anxiolytic agents, the 
testing within the basic, undifferentiated cage was quite limited, 
having been restricted to a single dose in the original Craw- 
ley and Goodwin (1980) paper. In the lights-off section there 
was a nonsignificant 12% increase in locomotor activity with 
chlordiazepoxide. A more rigorous testing of the dose-response 
relationship has been needed to evaluate a possible general lo- 
comotor response. This concern was emphasized with stronger 
documentation by Hascoet and Bourin (1998), who were able to 
associate light-dark/dark-lighl transitions with locomotor activ- 
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FIG. 10. Light-dark transitions and spontaneous locomo- 
tor activity of male Swiss mice after diazepam injections. 
*Significantly different from controls at p < .05. (Source: Has- 
coet and Bourin, 1998, Table 1, p. 647). 

ity in a bare and undifferentiated cage in the testing of diazepam 
and alprazolam (Figures 10 and 1 1). Testing over the same dose 
range for both endpoints (i.e., transitions and locomotor activ- 
ity) is critical to ruling in or out a locomotor or exploratory 
interpretation. 

Another contentious conclusion of the original Crawley and 
Goodwin (1980) paper related to the time spent in the dark- 
ened one-third of the chamber. The only significant increase 
was seen at the 50-mg/kg dose with chlordiazepoxide. However, 
this was a dose that was associated with sedation (i.e., high- 
est dose tested in figure 5). The authors concluded that even 




FIG. 9. Effect of diazepam on light-dark transitions in different 
mouse strains. * Significantly different from controls at p < .01. 
(Source: Crawley and Davis, 1982, Figure 1, p. 610). 



0.000 0.030 0.060 0.125 0.260 0.600 L000 2.000 4.000 
Alprazolam ('())&■ 'kg! 

FIG. 1 1. Light-dark transitions and spontaneous locomotor ac- 
tivity of male Swiss mice after alprazolam (benzodiazepine) 
injections. ^Significantly different from controls at p < .05. 
(Source: Hascoet and Bourin, 1998, Table 1, p. 647). 
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though these two drugs (i.e., clonazepam and chlordiazepox- 
ide) did not seem to affect the dark preference, they increased 
locomotor-linked exploratory behavior in response to some 
property of the two chamber testing framework. Thus, the key 
practical finding was that a single endpoint (i.e., transitions 
across the barrier between the light and dark sections) could 
be ;i simple, accurate, and eflicienl index to predict anxiolytic 
effects. 

While this methodologic framework was a potentially valu- 
able development for anxiolytic compound screening, several 
important dose-response features should be highlighted. Both 
light-dark/dark-light transitions and locomotor activity fol- 
lowed an hormetic-like biphasic dose response relationship 
(Figures 4 and 5). Even though the light-dark transition and lo- 
comotor activities in the original Crawley and Goodwin (1980) 
paper were highly correlated they have some quantitative dif- 
ferences, which may have biological/interpretative significance. 
For example, relative to a value of 100% the transition end- 
point response was consistently greater than the locomotor 
responses for both compounds (Figures 4 and 5), an obser- 
vation that was further strengthened and extended in Craw- 
ley (1981). This indicates that there is more "activity" at the 
light-dark/dark-light interface than over other areas, suggest- 
ing that the locomotor activity is more "concentrated" at the 
interface of the light-dark transition zone. This further implies 
that a substantial proportion of the increased locomotor activity 
is directly accounted for by light-dark/dark-light transitions, 
which supports an exploratory interpretation (i.e., anxiolytic 
response). 

In the case of clonazepam, the increase in locomotor activity 
occurred at a 1 0-fold lower concentration than did the increase in 
transitions (Figure 4). Even though these endpoints are highly 
correlated they can be at least partially differentiated by the 
magnitude of response and dose response range over which they 
acUindings not addressed by Crawley and Goodwin (1980) or in 
later papers by Crawley. Such observations were experimentally 
confirmed (but not discussed) by Crawley ( 1 98 1 ) as she extended 
the initial findings to a broader range of benzodiazepine drugs. 
The case for exploratory behavior was partially enhanced by data 
showing a positive (0.72) correlation between transitions and 
frequency of rearing position associated with the exploratory 
sniffing of the cage (Crawley, 1981). 

The experimental findings in the light-dark test within the 
Crawley research papers is highly reproducible, based on direct 
quantitative comparisons of the clonazepam and chlordiazepox- 
ide. This was the case for the transition and locomotor activ- 
ity endpoints. Thus, the hormetic dose-response features seem 
to be a highly credible finding in this system. Similar replica- 
tions have been reported with diazepam as well (Figures 7-9) 
(Crawley and Goodwin, 1980; Crawley et al., 1981). Likewise, 
the capacity for diazepam to produce an hormetic-like bipha- 
sic dose response with generally similar quantitative features as 
seen by the magnitude of stimulatory response was reported by 
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FIG. 12. Behavioral activity of anpirtonline, a 5-HT agonist, 
assessed in the light-dark mouse aversion test using male albino 
BKW mice. * Significantly different from controls at p < .05. 
(Source: Metzenauer et al., 1992, Figure 1, p. 529). 

Crawley and Davis (1982) with four mouse strains (i.e., Swiss- 
Webster/NIH, C57B1/6J, Swiss Webster/HSDl, and CF-1) 
(Figure 9). 

5-HT Pathway for Anxiolytic Responses 

Of interest was the report of Metzenauer et al. (1992) that 
anpirtoline increased the initial latency of male albino BKW 
mice to move from the light to dark compartment and decreased 
the proportion of time spent and the number of rearings and 
line crossings in the dark compartment of the test system. The 
anxiolytic-like effect in the light-dark aversion test occurred 
over a 10 5 - to 10 6 -fold dose range figure 12). This is an ex- 
traordinary dose range of activity compared to other anxiolytic 
agents in this test system. Since this agent is believed to act via 
the 5-HT receptor, this may be an interesting model system to 
better understand factors affecting the quantitative features of the 
dose response. Hormetic dose responses were also reported with 
the 5-HTi A agonist ipsapirone and the 5-HT 3 receptor antago- 
nist ondansetron in female ICR -DUB mice (Young and Johnson, 
1991 ), observations that were consistent with those reported by 
Rex et al. (1998) with male Wistar rats. 

Dopamine Pathway for Anxiolytic Responses 

Hormetic biphasic dose responses have also been reported 
with male CD Sprague-Dawley rats in the light-dark test (Pich 
and Samanin, 1986) with buspirone, haloperidol, and sulpiride 
(Figures 1 3 and 14). using light-dark transitions as the endpoint. 
Since prior research had revealed that low doses of sulpiride 
and buspirone act as dopamine antagonists at DA autoreceptors 
(McMiUenetal., 1983; Tissarietal., 1979) the decreased anxiety 
was hypothesized as being mediated via the DA receptor. This 
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FIG. 13. Number of transitions/5 min between black and white 
chambers (BWT) in the two-compartment exploratory test after 
injection of buspirone, a non-benzodiazepine compound, and 
dopamine receptor agonist sulpiride with male CD Sprague- 
Dawley rats. *Signilicanlly different from controls at p < .05. 
(Source: Pich and Samanin, 1986, Figure 2, p. 128). 



was confirmed in subsequent experiments with the DA agonist 
apomorphine, which eliminated the anxiolytic effects of bus- 
pirone and sulpiride, suggesting that selected antagonists at DA 
autoreceptor may possess disinhibitory properties. Likewise, a 
similar hormetic-like biphasic dose response (Figure 15) was re- 
ported with the centrally acting antitussive fominoben (Crawley 
etal., 1984a). 
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1 1C i . 15. Anxiolytic actions of the antitussive fominoben in 
male C57BL/6J mice on light-dark transitions. * Significantly 
different from controls at p < .05. (Source: Crawley et al., 
1984a, Figure 2, p. 279). 

Anxiogenic Versus Anxiolytic Responses 

Anxiogenic compounds can also be evaluated in the light- 
dark test. In such testing, hormetic-like dose responses were 
also reported with similar quantitative features of the dose- 
response relationship (Kilfoil et al., 1989; Griebel et al, 2002a, 
2002b). For example, the anxiogenic agent FG-7142 biphasi- 
cally increased time spent in the dark area (Figure 16), a sign 
of increased anxiety (Kilfoil et al, 1989). Similarly, capacity 
to enhance anxiogenic behavior at low doses was reported by 
Sanchez and Meier (1997) with selective serotonin reuptake in- 
hibitors (SSRI) (Figures 17 and 18) and Griebel et al. (2002a) 
with corticotrophin-releasing factor (CRFj ) receptor antagonists 
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FIG. 14. Number of transitions/5 min between black and white 
chambers (BWT) in the two-compartment exploratory test after 
injection of the neuroleptic agent, haioperidoi, with male CD 
Sprague-Dawley rats. * Significantly different from controls at 
p < .05. (Source: Pich and Samanin, 1986, Figure 2, p. 128). 
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FIG. 16. Effects of ^V-methyl-B-carboline-3-carboximide (FG- 
7142), a benzodiazepine, on time in dark area (seconds) in 
the two-compartment exploratory test in male C57B1/6J mice. 
"Significantly different from controls at p < .05. (Source: Kil- 
foil et al., 1989, Table 1, p. 902). Note that this behavior repre- 
sents an anxiogenic response. 
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Ciisiopram (umol/kg) 

FIG. 17. Effect of citalopram, a selective serotonin reuptake in- 
hibitor (SSRI), on exploratory behavior of male Wistar rats in a 
two compartment black and white test box. "Significantly dif- 
ferent from controls at p < .05. (Source: Sanchez and Meier, 
1997, Table 4, p. 201). Note that this behavior in the low dose 
zone represents an anxiogenic response. 

(Figures 19 and 20). These findings confirm the generalized na- 
ture of hormelic dose-response relationships accounting for both 
anxiolytic and anxiogenic effects in I he lighi-dark lesi. 

Summary 

This assessment of the light-dark test for anxiolytic behavior 
indicates that hormetic-like biphasic dose responses were com- 
monly seen across abroad range of agents, including representa- 
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FIG. 19. Effects of SSR125543A (2-aminothiazole derivative), 
a novel corticotrophin-releasing factor (CRFi ) receptor antago- 
nist, in the light/dark test in male BA1B/C mice. (Source: ( iriebel 
et al., 2002a, Table 3, p. 338). In the low dose zone the behavior 
represents an anxiogenic response. 



tive benzodiazepine drugs, 5-1 IT agonists, dopaminergic agents, 
CRFi antagonists, and the neuroleptic haloperidol. Despite the 
widely differing receplor-mediated mechanisms leading to the 
anxiolytic (and anxiogenic) behavior, quantitative features of 
these respective dose responses were similar, with maximum 
stimulatory response typically less than twice the control value 
while the stimulatory responses spanned a concentration range 
generally encompassing 1 0- to 50-fold immediately beneath the 
threshold. However, as noted earlier, the unusually broad stim- 
ulatory response range of the 5-HT agonist anpirtoline was ex- 
traordinary and worthy of further mechanistic clarification. 



Paroxetine 



FIG. 18. Effect of paroxetine, a selective serotonin reuptake in- 
hibitor (SSRI), on exploratory behavior of male Wistar rats in a 
two compartment black and white test box. "Significantly dif- 
ferent from controls at p < .05. (Source: Sanchez and Meier, 
1997, Table 4, p. 201). Note that this behavior in the low dose 
zone represents an anxiogenic response. 
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FIG. 20. Effects of antalarmin, a CRFi receptor antagonist, in 
the light/dark test in male BAIB/Cmice. (Source: Griebel el al., 
2002a, Table 3, p. 338). In the low dose zone the behavior rep- 
resents an anxiogenic response. 
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FIG. 21a. The effect of chlordiazepoxide on female CFW 
mouse exploratory behavior in the hole board test. Number of 
head dips/5 min. * Significantly different from controls at p < 
.05. (Source: Nolan and Parkes, 1973, Table 1, p. 283). 



FIG. 21c. The effect of nitrazepam on female CFW mouse ex- 
ploratory behavior in the hole board test. Number of head dips/5 
min. * Significantly different from controls at p < .05. (Source: 
Nolan and Parkes, 1973, Table 1, p. 283). 



HOLE-BOARD TEST 

The hole-board test, which was developed by Boissier and 
Simon (1962, 1964) nearly a half century ago, provides a simple 
means to assess the response of an animal (i.e., mouse) to an 
unfamiliar selling. A typical hole-board uses the 40-cm-square 
and 1.8-cm-thick board with 16 equally spaced holes 3 cm in 
diameter. It is mounted on four 2.5-cm legs and placed on a gray 
floor in a cubicle with three gray painted w alls with the observer 
seated near the floor at the window side. Each mouse is assessed 
by placing it singly in the center of the board facing away from 
the observer. A mouse is determined to have made a head dip if 



both ears go below the top of the hole. Each hole is numbered so 
that the number of times a mouse explores a specific hole may 
be counted. 

In 1973 Nolan and Parkes assessed the effects of several ben- 
zodiazepines on exploratory activity in female mice of the CFW 
strain (Figure 21 , a-e) within a four- or five-dose treatment pro- 
tocol. Drugs were administered ip 30 min prior to exposure to 
the board, which was for 5 min duration. Five of the six drugs 
tested displayed a low-dose stimulatory response and a return 
to control or below control values at higher doses. The only 
drug failing to show a significant increase at any dose (0.1-12.5 
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FIG. 21b. The effect of diazepam on female CFW mouse ex- 
ploratory behavior in the hole board test. Number of head dips/5 
min. "Significantly different from controls at /; < .05. (Source: 
Nolan and Parkes, 1973, Table 1, p. 283). 



FIG. 2 Id. The effects of oxazepam on female CFW mouse ex- 
ploratory behavior in the hole board test. Number of head dips/5 
min. Significantly different from controls at p < .05. (Source: 
Nolan and Parkes, 1973, Table 1, p. 283). 
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FIG. 21e. The effect of medazepam on female CFW mouse ex- 
ploratory behavior in the hole board test. Number of head dips/5 
min. Note that three replications at 5.0 mg/kg were reported. 
* Significantly different from controls at p < .05. (Source: Nolan 
and Parkes, 1973, Table 1, p. 283). 



mg/kg) was flurazepam, for which the data were not shown. The 
dose-response relationships were similar, wilh maximum slim- 
ulalion of 213% for nitrazepam, with the remaining four drugs 
being between 130 and 160%. The stimulatory ranges, though 
difficult to precisely determine, were modest, being a dose range 
of about 4- fold for chlordia/epoxide and diazepam and a factor 
of about 2 for medazepam, while nitrazepam was greater than a 
10-fold range and oxazepam had a stimulatory range between 5- 
and 10-fold. The research of Nolan and Parkes (1973) has been 
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FIG. 22. Effect of diazepam on exploratory behavior in male 
ICR mice tested in the hole-board test. * Significantly different 
from controls at p < .05. (Source: Takeda et al., 1998, Figure 
2, p. 23). 



replicated many times and extended to modified test methods 
and other animal models, as seen with the research of Takeda 
et al. (1998) using the male ICR mice (Figure 22), as well as in 
models with medical conditions such as diabetes (Kamei et al., 
2001). 

It is interesting to note that when chlordiazepoxide was ad- 
ministered to mice prior to a second exposure to the hole -board, 
no increase of exploratory activity was found for doses that were 
effective during a first exposure test. However, activity was re- 
duced by high sedative doses of the chlordiazepoxide as oc- 
curred after the first dose. These findings were hypothesized 
as showing that benzodiazepines may act "only to remove a 
factor that limits exploratory activity of mice in a novel sit- 
uation." In effect, these drugs appear to enhance exploratory 
activity in the novel environment by a release of novelty sup- 
pression behavior (Soubrie et al., 1977; Gardner and Piper, 
1982). 

A range of benzodiazepine drugs, including clobazam, di- 
azepam, nitrazepam, and flunitrazepam, enhanced exploration 
(head dipping) with mice (naive male CD-I) in the hole-board 
test at nonsedative doses (Gardner and Piper, 1982). The dose- 
response patterns followed the hormetic biphasic pattern re- 
ported by Nolan and Parkes (1973) with respect to the magni- 
tude of stimulation and the dose stimulation range. Locomotion 
patterns also followed a similar dose-response scheme as the 
exploratory behavior. However, using a chronic dosing strategy, 
Gardner and Piper (1982) demonstrated that the increase in ex- 
ploratory behavior remained, yet the locomotor effects declined, 
thereby showing a tolerance for the locomotor response. Based 
on follow-up experiments that partially differentiated locomo- 
tor activity from exploratory behavior [e.g., urethane, musci- 
mol (stimulation of GAB A receptors), and amino-oxyacetic acid 
(AOAA)], and with an inhibitor of G ABA transaminase, sodium 
valproate and y-acetylenic GAB A (GAG) (inhibitors of GAB A 
catabolism). these findings suggest that anxiolytic effects have a 
certain type of specificity resulting from selective enhancement 
of brain GABA transmission. 

More recent studies by Leung et al. (2003) have more 
tightly linked drug-enhanced anxiolytic events to the GABA A - 
receptor benzodiazepine site (BOS) using both the hole-board 
(Figure 23) and the FPM tests (Figure 24). In this study 
J, /-tetrahydrapalmatine (c/MHP) (Figure 25), a naturally oc- 
curring alkaloid, induced anxiolytic effects that closely re- 
sembled hormetic dose responses. In follow-up experimenta- 
tion, specilic antagonists for the BOZ effect completely pre- 
vented the dl-\\ IP-induced anxiolytic effect using the FPM 
test. These findings clearly established that the dZ-THP in- 
duced anxiolytic effect is mediated via the benzodiazepine 
receptor. 

While these experiments have attempted to better define 
the role of GABA-mediated neurotransmission on the drug ex- 
ploratory behavior of selected anxiolytic benzodiazepine drugs, 
they commonly display the hormetic-like biphasic dose re- 
sponse for most of the drugs tested and for both exploratory 
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FIG. 23. Number of head dips/5 min in dl-THP-treated male and 
female ICR mice in the hole board test. + Significantly different 
from controls at p < .05. (Source: Leung et al., 2003, Figure 3, 
p. 777). 
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FIG. 25. Comparison of dl-THP on mice in the elevated plus- 
maze test and in the hole board test (combined Figures 23 and 
24). * Significantly different from controls at p < .05. (Source: 
Leung et al., 2003, Figures 2 and 3, p. 777). 



and locomotor endpoints, whether they could be partially mech- 
anistically differentiated or not. 

OPEN FIELD STUDY 

The open field test was developed by Hall (1934) to assess 
the emotionality of rats. The test involves subjecting the animal 
to an unknown new environment from which it is not allowed 
to escape due to the presence of surrounding walls. The exper- 
imenlal system is comprised of a brightly illuminated circular 
arena ( 1 .2 m diameter) that is enclosed by a wall 0.45 m high. In 
the test an individual rat is placed in the outer ring of the open 
field and observed for usually 2 min, a process that is repeated 
in daily trials. Rats have been commonly food deprived for 24 
to 48 h prior to testing. If the animals did not eat they were 
viewed as "emotional." In general, "emotional" rats were found 
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FIG. 24. Anxiolytic effect of dl-THP on male and female ICR 
mice in the elevated plus-maze test. Significantly different from 
controls atp < .05. (Source: Leung etal., 2003, Figure 2,p. 777). 



to have fewer entries into the central part of the arena and had 
higher levels of defecation (Prut and Belzung, 2003). Over the 
intervening years the open field test became extremely popular 
in animal psychology, with numerous modifications (different 
shape of environment, lighting intensity/color, other objects in 
arena, etc.) made to the original design, depending on investi- 
gator interests. 

In most recent studies, the data typically collected include 
information on horizontal locomotion, frequency of rearing, 
grooming, and location of activity (central vs. periphery). Of 
relevance to the present analysis is that increases of time spent 
in the central part of the arena, and in the central part/total arena 
ratio, and a decrease of the latency for entering the central part 
are traditionally interpreted as anxiolytic behaviors. 

The open field test has been used to assess dose-response re- 
lationships of anxiolytic drags using male rats (Christmas and 
Maxwell, 1970; Britton and Britton, 1981; Stefanskietal., 1993; 
Rex etal., 1998; Horvathetal., 1992). Rex etal. (1998) assessed 
the effects of 10 known anxiolytic drags for their capacity to 
affect early activity in the modified open field test within a dose- 
response context (figure 26. a-j). In this study the male Wislar 
rats were food deprived 20 h before testing, f ood was placed in 
the center of the open held as pellets in a pelri dish. Fach rat was 
initially placed in one area of the unfamiliar open field, facing 
the center. Hach rat was observed for 5 min and the time to the 
initial feeding was recorded. All drags displayed a hormetic-like 
U-shaped dose response, confirming the earlier recognition of 
their anxiolytic properties. When deprived rats were given ac- 
cess to food in familiar cages the drags had no effect on food 
consumption, further supporting the anxiolytic interpretation. 
Since the study design included observing the rats for a duration 
of latency that was capped at 300 s, this prevented a determina- 
tion of the actual latency, which may have exceeded the 300-s 
time cap at the highest dose for most, if not all, drugs tested 
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FIG. 26a. Assessment of multiple drugs in the modified open 
field test using the male Wistar rat. ^Significantly different from 
controls at p < .05. (Source: Rex et al., 1998). Diazepam 
(Source: Rex et al, 1998, Table 1, p. 679). 
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FIG. 26b. 8-OH-DPAT. (Source: Rex et al., 1998, Table 1, p. 
679). 
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FIG. 26c. Propranolol. (Source: Rex et al., 1998, Table 1, p. 
679). 
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FIG. 26d. Ipsapirone. (Source: Rex et al., 1998, Table 1 , p. 679). 
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FIG. 26e. Ritanserin. (Source: Rex etal., 1998, Table l,p.679). 
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FIG. 26f. Ondansetron. (Source: Rex et al., 1998, Table 1, p. 
679). 



ANXIOLYTIC DRUG SCREENING TESTS 



507 




Clozapine (mg/kg) 
FIG. 26g. Clozapine. (Source: Rexetal., 1998, Table l,p.679). 
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r. 26h. Lisuride. (Source: Rex et al., 1998, Table 1, p. 679). 
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r. 26i. Morphine. (Source: Rex et al., 1998, Table 1, p. 679). 




FIG. 26j. Tropisetron. (Source: Rexetal., 1998, Table 1, p. 679). 



based on existing dose-response trends. Thus, Ihis feature in 
the study design probably precluded showing genuine J-shaped 



In similar studies, anxiolytic -like effects of 5-HTia recep- 
tor agonists were shown to display hormetic hi phasic dose re- 
sponses using male Wistar rats. The effects, which appeared 
to be mediated in the hippocampus, were consistent across 
three endpoints (i.e., motor activity, central area entry, stay 
time in the central area) (Figure 27, a-d) (Stefanski et al., 
1993). 

Hormetic-like biphasic dose responses were also reported by 
Horvath et al. (1992, 2000) for two 2,3-benzodiazepines (GYKI 




FIG. 27a. Effect of midazolam injected into the hippocampus 
on male Wistar rat behavior in the open held test. * Significantly 
different from controls at p < .05. (Source: Stefanski et al.. 
1993, Table 2, p. 981). 
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8-OH-DPAT (ug) 

FIG. 27b. Effect of 8-OH-DAPT injected into the hippocampus 
on male Wistar rat behavior in the open field test. + Significantly 
different from controls at p < .05. (Source: Stefanski et al., 
1993, Table 2, p. 981). 
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FIG. 27d. Effect of midazolam injected into the nucleus accum- 
bens septi (NAS) on male Wistar rat behavior in the open field 
test. * Significantly different from controls at p < .05. (Source: 
Stefanski et al., 1993, Table 2, p. 981). 



51 189 (l-(3-chlorophenyl)-4-methyl-7,8-dimethoxy-5H-2,3- 
benzodiazepine) and GYKI 52 322 (l-(4-aminophenyl)-4- 
iiielhyl-7,8-dimelhoxy-5Il-2.3-ben/odia/epine) as well as with 
chlordia/epoxide and buspirone. The quantitative features of 
the four drugs were consistent with the hormetic dose response 
(Figure 28, a-d). 

The present analysis idenliiied numerous agenis evaluated 
in the open field test displaying hormetic-like biphasic dose- 
response relationships. Among the agents showing such bipha- 
sic dose responses were representatives of the benzodiazepines 



(e.g., 2,3-BZD and 1,4-BDZ), three different types of 5-HT lig- 
ands (i.e., 5-HTi A , 5-HT 2 and 5-HT 3 antagonists), dopamin- 
ergic agents, and opiates. In general, the quantitative features 
of their dose-response relationships were similar, for example, 
with maximum response typically about 30-60% greater than 
the control with a concentration response range of about 5- to 20- 
fold immediately beneath the zero equivalent point (i.e., the tra- 
ditional threshold). Consequently, even though a highly diverse 
set of drugs acting via different mechanisms induced the same 
type of anxiolytic behavior in the open field test, the quantitative 
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FIG. 27c. Effect of buspirone injected into the hippocampus on 
male Wistar rat behavior in the open field test. * Significantly 
different from controls at p < .05. (Source: Stefanski et al., 
1993, Table 2, p. 981). 
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FIG. 28a. Effect of chlordiazepoxide on vertical (crossing) and 
horizontal (rearings) locomotor activity in the small open field 
test in male SPRD rats. * Significantly different from controls 
at p < .05. (Source: Horvath et al., 1992, Figure 3, p. 158). 
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FIG. 28c. Effect of GYKI 51 189 (Girisopam) on vertical 
(crossing) and horizontal (rearings) locomotor activity in the 
small open field test in male SPRD rats. Significantly different 
from controls at p < .05. (Source: Horvath et al., 1992, Figure 
3, p. 158). 
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FIG. 28b. Effect of buspirone on vertical (crossing) and hori- 
zontal (rearings) locomotor activity in the small open field test 
in male SPRD rats. * Significantly different from controls at 
p < .05. (Source: Horvath et al., 1992, Figure 3, p. 158). 



features of the dose responses were similar, being consistent 
with that reported for numerous other hormetic dose responses 
that are independent of agent, biological model, and endpoint 
measured. 



FOUR-PLATES TEST 

In 1966 a metal plate-crossing lest w as introduced by Slotnick 
and .larvik as a way to measure passive avoidance conditioning 
in mice. The equipment consisted of a box with a floor com- 
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FIG. 28d. Effect of GYKI 52 322 (l-(4-aminophenyl)- 
4-methyl-7,8-dimethoxy-5//-2,3-benzodiazepine) on vertical 
(crossing) and horizontal (rearings) locomotor activity in the 
small open field test in male SPRD rats. ^Significantly different 
from controls at p < .05. (Source: Horvath et al., 1992, figure 
3, p. 158). 



prised of four metal plates. The testing procedure involved each 
mouse being placed onto one of the floor plates. The mouse was 
then allowed 15 s of exploration lime. During the next 60 s the 
number of times the mouse crossed from one plate to another 
with all 4 feet was recorded. In the course of assessing the ef- 
fects of drugs on passive avoidance via the four plate test (FIT), 
Boissier et al. (1968) noted that drugs used to reduce anxiety 
also reduced passive avoidance. These observations became rel- 
evant to the study of anxiety since an increase of the locomotor 
component of exploration could be interpreted as a response to 
novelty. 

Since the original paper of Slotnick and Jarvik (1966), 
the FPT has become widely used for the screening of pos- 
sible anxiolytic-acting drugs and testing a broad variety of 
investigator-generated hypotheses relating to research methods, 
study design, and mechanism assessment. Of particular impor- 
tance to the present FPT evaluation is that on a number of oc- 
casions robust study designs with sufficient numbers of doses 
and a broad dose range have been employed that can be used to 
evaluate hormetic dose-response hypotheses. 

The most extensive initial screening of drugs for anxiolytic 
potential in the FPT was published by Aron et al. (1971), based 
on an earlier report by their group (Boissier et al., 1968). In this 
screening study, broad groupings of drugs were tested, includ- 
ing representative psychotropics (6 drugs), hypnotics (6 drugs), 
anticonvulsants (8 drugs), antihistamines (5 drugs), neurolep- 
tics (10 drugs), anti-parkinsonism drugs (4 drugs), analgesics 
(5 drugs), mild tranquilizers (9 drugs), and multiple group- 
ing/hard to classify agents (10 drugs). While using the male 
Swiss mouse in such screening tests, the number of potential 
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doses employed was 1 1, covering a dose range of slightly greater 
than 1 ,000-fold. While this would have offered a robust poten- 
(ial dose testing scheme in terms of treatments used and dose 
range, it was never fully implemented for any single agent. The 
actual number of doses tested ranged from 2 to 9. with most 
falling into 4 to 6 doses tested. The dose range over which 
these drugs were assessed always fell far short of the max- 
imum 1,000-fold range with most in the 4- to 32-fold zone, 
wilh only one dose range exceeding 32 (i.e.. 300-fold dose 
range). 

The screening results revealed that the entire set of nine 
minor tranquilizers increased the punished behavior, thereby 
showing the anxiolytic response (Figure 29). In general, these 
agents showed evidence of a biphasic dose response with 
I he exception of meprobamale which was only tested with 
three doses. Consistent with the hormetic dose response, there 
was a ceiling effect such that most maximum responses did 
not exceed approximately twice the control value. Evalua- 
tion of the other pharmacological/drug treatment groups re- 
vealed occasional examples of anxiolytic acting agents (e.g., 
anti-parkinsonism: scopolamine, procyclidine; analgesics: dex- 
tropropoxyphene; antidepressants: amitriptyline, clomipramine; 
minor tranquilizers: lluoresone, hydroxyzine, tetrazepam). most 
of which also displayed honnetic-like dose-response relation- 
ships. Of particular note were the antihistamines, in which three 
of the five agents tested showed evidence of anxiolytic effects 
(Figure 30). 

As a result of the initial extensive evaluation the IT 1' has 
enjoyed successful application for screening, exploring a wide 
range of receptor systems such as CCK B ligands (Dooley and 
Klamt, 1993), SSRI (Hascoet et al., 2000), MAO inhibitors 
(Hascoet et al., 2000), oxytocin (Ring et al., 2006), and the 
5-HT family of receptors (Dhonnchadha et al., 2003). As was 
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FIG. 29. Effect of minor tranquilizers on punished behavior on 
male Swiss mice in the FPT model. * Significantly different from 
controls at p < .05. (Source: Aron et al., 1971, Table 2, p. 463). 
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FIG. 30. Effect of various antihistamine drugs on punished be- 
havior on male Swiss mice in the FPT model. * Significantly 
different from controls at p < .05. (Source: Aron et al., 1971, 
Table 3, p. 464). 

the case with the initial screening tests of Aron et al. (1971), 
these studies have been more concerned with the elucidation of 
the anxiolytic effect rather than the assessment of the broader 
dose response relationship. Nonetheless, even though deempha- 
sized, the honnetic-like biphasic dose response was commonly 
reported as seen with urotenion II (Do-Rego et al., 2005), oxy- 
tocin (Ring et al., 2006), and various antidepressants (Hascoet 
el al., 2000). among others. 

In addition to the punished behavior aspects of the FPT, some 
investigators have employed the testing framework of the FPT 
without use of the electric shock in order to assess responses to a 
simple novel environment. Using male Albino mice (ICI), Mar- 
riott and Smith (1972) assessed the effects of six drugs on plate 
crossing in naive mice using four to seven doses, depending on 
the agent. In the cases of chlordiazepoxide, diazepam, meproba- 
mate, and chlorpromazine. biphasic dose responses were ob- 
served in which low doses increased activity while high doses 
decreased activity (Figures 31-34). The maximum stimulatory 
response was modest hi each case, with all drugs having a max- 
imum response less than 150%. The width of the stimulatory 
response was also modest, ranging from 2- to slightly over 
10-fold. Each of the responses was generally consistent with 
the hormetic dose-response relationship. Thus, regardless of 
whether shock was employed or not, the hormetic dose response 
was observed with similar quantitative features of the dose 



SOCIAL INTERACTION TEST 

In 1980 File created what has come to be called the social 
interaction test (SIT) to screen for possible anxiolytic drugs. At 
that time, all anxiety screening tests, except where locomotor 
activity was punished, used food or water deprivation to dis- 
tinguish possible antianxiety effects of drugs from effects on 
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FIG. 31. Effects of chlordiazepoxide on plate-crossing in two 
different strains of mice naive to the apparatus in the FPT model. 
* Significantly different from controls at /) < .05. (Source: Mar- 
riott and Smith, 1972, Figure 2, p. 401). 
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FIG. 33. Effects of diazepam on plate-crossing in l( 'I mice naive 
to the apparatus in the FPT model. * Significantly different from 
controls at p < .05. (Source: Marriott and Smith, 1972, f igure 
2, p. 401). 



motivation. She noted that a test of anxiety that does not involve 
deprivation, painful stimuli, or conditioned fear would be a valu- 
able tool in drug sc reening. With such considerations the SIT of 
anxiety was created. In the SIT, uncertainty is created by plac- 
ing rats in an unfamiliar setting in which the nature, location, 
and timing of noxious events are unknown and by manipulating 
the light intensity. Since rats have an unconditioned aversion for 
brightly lit areas, it was expected that manipulating light lev- 
els would cause changes in the rat's internal state that would 
be similar to those generated in humans by anxiogenic factors. 



According to File (1980), the behavior that is measured is the 
social interaction between pairs of rats and there is no need to 
deprive the animals or expose them to harmful stimuli such as 
shock. 

I he length of time that pairs of male rats spend in active so- 
cial interaction is affected by the test conditions, being increased 
when rats are placed in a familiar area that is also under a low 
level of light intensity. When the lighting intensity is increased 
or the area is not familiar, the active social interaction is reduced. 
The decreased social interaction is not related to an increase in 
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FIG. 32. Effects of chlorpromazine on plate-crossing in ICI 
mice naive to the apparatus in the FPT model. * Significantly 
different from controls at p < .05. (Source: Marriott and Smith, 
1972, Figure 2, p. 401). 
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FIG. 34. Effects of meprobamate on plate-crossing in ICI mice 
naive to the apparatus in the FPT model. ' Significantly different 
from controls at p < .05. (Source: Marriott and Smith, 1972, 
Figure 2, p. 401). 
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FIG. 35. Effect of chlordiazepoxide on the number of social 
interactions in male Sprague-Dawleyrats. Significantly different 
from controls at p < .05. (Source: Millan et al., 2001, Figure 2, 
p. 590). 
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FIG. 37. Effect of buspirone (5-HTi A agonist) on the number 
of social interactions using male Wistar rats. * Significantly dif- 
ferent from controls at p < .05. (Source: Dekeyne et al., 2000, 
Figure 3, p. 60). 



exploratory behavior when the animals are tested in an unfamil- 
iar area, nor is it because of change in olfactory cues from the 
partner in the different test conditions. 

The rats are selected on Ihe basis of weight in order to ensure 
that a large rat is not evaluated with a smaller one, since this 
might change ilie nature of the interactions if one rat were clearly 
dominant over the other. The pairs of rats are evaluated over a 
10-min duration using a video monitor. The behaviors that are 
scored and classified as active social interaction are sniffing, 
following, grooming, kicking, mounting, jumping on, wrestling 
and boxing with, and crawling under or over the partner. Passive 
body contact is scored separately as when the rats are sitting or 
lying with their bodies in contact, but without interacting with 
each other. 



As has been the case with other tests of anxiety in ani- 
mal models, the social interaction test (SIT) has routinely dis- 
played hormetic-like biphasic dose-response relationships that 
have been independent of the chemical class, agent tested, and 
the animal model used. The present assessment demonstrates 
that such hormetic dose responses have occurred with drugs 
representing groups such as antidepressants (e.g., maprotiline, 
trazodone), benzodiazepines |diazepam, chlordiazepoxide (fig- 
ure 35)], NKi antagonists (e.g., NKP 608), 5-HT iA agonists 
[e.g., S-20499 (Figure 36), S-20244, buspirone (Figure 37), 
8-OH-DPAT, flesinoxan (Figure 38)], 5-HT 3 antagonist [e.g., 
GR38032F (Figure 39)], 5-HT 2C antagonists (e.g., SB242,084, 
SB206,553), noradrenaline reuptake inhibitor (e.g., MCI-225), 
and N 2 0 (Figure 40). These drugs have been tested with male 
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FIG. 36. Effect of (+) S 20499 (5-HT 1A agonist) on time spent 
in social interaction using male Sprague-Dawley rats. *Most 
treatments (18/24) were significantly different from controls at 
p < .05. (Source: Curie et al., 1994, Figure 5, p. 187). 



i : k">ir;!'\3i! !>is' ,, '-~ r ) 

FIG. 38. Effect of flesinoxan (5-HTi agonist) on the number of 
social interactions in male Sprague-Dawley rats. * Significantly 
different from controls at p < .05. (Source: Millan et al., 2001, 
Figure 2, p. 590). 
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FIG. 39. Effect of GR38032F(5-HT 3 antagonist) on the number 
of social interactions in male Lister rats. + Significantly different 
from controls at p < .05. (Source: Jones et al., 1988, Figure 1, 
p. 988). 

rats of four different strains, including the Sprague-Dawley, Wis- 
tar, Hooded-Lister, and Long-Evans, with the Sprague-Dawley 
strain being the most commonly employed, followed by the Wis- 
tar strain. 

The dose-response characlerisiics displayed within the var- 
ious strains have been consistent with those reported in other 
testing methods for anxiolytic drugs and with other hormetic 
endpoinl responses that are independent of biological model or 
chemical class. The magnitude of the stimulation represented 
in these SIT tests is typically modest with an average maxi- 
mum range of about 30-60% above the control response. Occa- 
sionally, some responses have approached being approximately 
twice thai of the controls. These findings are consistent with a 
ceiling effect concept in pharmacology, which appears to define 
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FIG. 40. Effect of nitrous oxide on the number of active social 
interactions using male Long-Evans rats. * Significantly different 
from controls at p < .05. (Source: Quock et al., 1993, Figure 2, 
p. 162). 



a form of plasticity of the behavioral system under evaluation. 
The width of the stimulatory response has been more variable 
than the magnitude of the stimulatory response, reflecting possi- 
ble heterogeneity within the animal model. In the case of the SIT 
about 80% of the examples have stimulatory widths less than 20- 
fold, although in the case of the NKi antagonist NKP608, the 
stimulatory width was approximately 1,000-fold, while in the 
case of the 5-HT 3 antagonist GR38032F, a remarkable range of 
about 50,000-fold was observed. 

The SIT test has been reported in papers in which other 
screening tests of anxiolytic agents have been conducted with 
the same agents, thereby permitting intertest comparisons. For 
example, Jones et al. (1988) reported that the 5-HT 3 antagonist 
GR38032F biphasically affected social interaction with a low 
dose stimulation and a decline at higher doses. However, this 
drug failed to significantly affect the number of shocks received 
by the rats (Jones et al., 1988). In contrast to the negative re- 
sponse in the conflict-water lick test, this agent reduced anxiety 
in the light-dark exploration test with mice (Jones et al., 1988) 
with a dose response that was also biphasic with a maximum 
stimulation of about 80% and a stimulatory range of about 80- 
fold. 

hi addition to comparative evaluations across drug screening 
tests, models, drugs, and protocol variations, other investigations 
have clarified receptor pathways that may be involved in the 
anxiolytic response. For example, the effects of nitrous oxide 
and chlordiazepoxide in the SIT were reduced by flutnazenil 
pretreatmenl, thereby indicating that nitrous oxide induces an 
anxiolytic response via benzodiazepine receptors (Quock el al., 
1993). Similar mechanistic-oriented research was reported by 
Vassout et al. (2000), who linked the NK, antagonist NKP608 
induced anxiolytic response to this receptor pathway via studies 
in the gerbil. In the case of GR38032F, the doses of this agent 
that blocked peripheral 5-HT 3 receptors in vivo without having 
any effects on 5-HTi A and 5-HT 2 receptors in the rat are similar 
to those that are effective in the SIT (Jones et al., 1988). 

While the biphasic dose response is often reported in the SIT, 
it is not often discussed in detail by the investigators. I [owever, 
Vassout et al. (2000). following their work on NKi antagonists, 
offered this insightful perspective: 

A final comment needs u> address tlie dose-response curves v. Iiicli 
had been seen here in both tests of anxiety. These tended to be bell- 
shaped, indicating dial [lie posili\e el! eel seen a I relatively low doses 
was fading out at higher doses. Although it is at present unknown 
u lial is causing l his form ol dose-response relation two points should 
be considered: (i) a non-linear dose-response relationship is not un- 
common in biological testing and its occurrence has pre\ ioush been 
seen with \arious classes of compounds and in various experimental 
paradigms (Araujo et al., 1998; Sakurada et al., 1999; Kopf et al., 
1999; Revel et al., 1998). In some of cases, the attenuation of the 
effect size at high doses is caused by side-effects such as general 
motor stimulation or sedation. I'o the best of < mi knowledge such an 
argumentation cannot be used for \KI'60S, since oui studies with up 
to \ er\ high doses of this compound have failed to detect am motor 
incapacitating effects up to 1000 mg/kg p.o. (unpublished data), (ii I 
interestingly enough, a comparable hell-shaped dose-response curve 
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will] XKI'dOK lias boon recenlh observed in Iho chronic mild slross 
model in rats (Papp ol al.. 2000). It should be emphasized that bell- 
shaped dose-response cnnes are often only seen when a snllic ienlh 
broad dose range is included in a study, (p. 15) 



VOGEL CONFLICT TEST 

Conflicting choices are common in every day human activi- 
ties. Such conflict-involved situations can become an important 
source of anxiety. An assessment of conflict situations and their 
clinical intervention has long been a major area of research in 
psychology. This is particularly the case with respect to the de- 
tection of anxiety-reducing (anxiolytic) agents. Numerous ex- 
perimental protocols to detect anxiolytic agents have been devel- 
oped and validated in animal models. Often such tests for anxi- 
olytic agents are based on the natural behavior of the model, such 
as rodents, which fluctuate between a strong interest to investi- 
gate novel yet threatening environments, and the accompanying 
fear. Such conflict situations have included the assessment of 
spontaneous (untrained) behaviors and situations in which the 
subjects received punishment (e.g., mild electric shocks) thai 
led to a suppression of a (learned) response for reinforcement 
(water/food) (Rodgers, 1997). In 1960, Geller and Seifter in- 
troduced a punishmenl-based conllicl procedure lo identify and 
characterize anxiolytic agents. In their procedure rats are trained 
to press a lever in order to receive a food or water reward. When 
the so-called "conflict" is presented (i.e., the "conflict" results 
from having the option of receiving an electric shock as a con- 
sequence of acceptings a food/water reward), responses (i.e., 
rewards) are inhibited by mild electric shocks. Anxiolytic prop- 
erties are believed to be demonstrated when drugs selectively 
enhance the punished response. 

In the Vogel conflict test (Vogel et al., 1971) male rats are 
water deprived for 48 h, and during a test period of 3 min, drink- 
ing waler is punished by a mild but aversive shock delivered via 
the spout of the bottle once every 20 licks. According to the- 
ory, a specific, drug-induced increase in the number of shocks 
taken indicates anxiolytic properties. Over the subsequent years 
numerous alterations in the basic testing procedure have been in- 
troduced relating to duration of water or food deprivation, length 
of session, shock intensity/frequency, and animal model (e.g., 
mouse rather than rat). 

A number of researchers have explored the effects of a broad 
dose range during the Vogel or related conflict tests (Hjorth et al., 
1986; SonderpalmandEngel, 1988; Engeletal., 1989; Dekeyne 
et al., 2000; Deren-Wesolek et al., 1998; Umezu, 1999; Mathi- 
asen and Mirza, 2005; Vaidya et al., 2005; Wiley et al., 1998). 
Some of the drugs tested have included apomorphine (Figure 
41) (Hjorth et al., 1986), clonidine (Figure 42) (Sonderpalm and 
Engel, 1988), buspirone (Figure 43) (Vaidya et al., 2005), am- 
perozide (Figure 44) (Engel et al., 1989), diazepam (Figure 45) 
(Wiley et al., 1998), and L-5-HTP (Figure 46) (Hjorth et al., 
1987). They have been tested in a variety of animal models in- 
cluding male Sprague-Dawley, Wistar, and Long-Evans rats and 
the C57/B mouse. The modes of action have been reported to 
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FIG. 41. Effects of apomorphine on conflict behavior in male 
Sprague-Dawley rats. * Significantly different from controls at 
p < .05. (Source: Hjorth et al., 1986, Figure 1, p. 238). 

be quite diverse, involving several receptor pathways, including 
a -adrenergic, benzodiazepine, dopamine, and 5-HT. In the case 
of amperozide, Ihe slimulaiory response was blocked by admin- 
istering the BDZ receptor antagonist bicuculline (lingel et al., 
1989). Despite the use of different animal models, varied proto- 
cols, and different modes of action, the dose responses may be 
characterized as being hormelic-like biphasit dose-response re- 
lationships with similar quantitative features. As can be seen in 
Figures 41^-6, the stimulatory response was generally modest 
with a stimulatory concentration range being about 4- to 30-fold. 

It is interesting to note that in several of the already cited 
papers showing a biphasic dose response in the Vogel conflict 
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FIG. 42. Effects of clonidine in the Vogel conflict test using 
male Sprague-Dawley rats measuring the number of shocks/10 
min. "Significantly different from controls at p < .001. (Soder- 
palm and Engel, 1988, Figure 1, p. 473). 
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FIG. 43. Effects of buspirone (p.o.) in Long-Evaiis hooded rats 
in the Vogel conflict test measuring mean number of shocks. 
* Significantly different from controls at p < .05. (Source: 
Vaidya et al., 2005, Figure 1, p. 249). 
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FIG. 45. Effects of diazepam on punished rate (responses/min) 
in male Sprague-Dawley rats lever pressing for food reinforce- 
ment. * Significantly different from controls at p < .05. (Source: 
Wiley et al., 1998, Figure 1, p. 1530). 



test, the elevaled ma/e lesi ( 1 igures 47^19) was also performed. 
The hormetic-like biphasic dose response was observed in both 
testing protocols. However, these testing protocols (Vogel vs. 
EPM) employed different study designs in terms of the dose 
range selected and time period between dose administered and 
evalualion. While il is clear lhal the hormelic response occurs for 
both endpoints, it also appears likely lhal the Vogel conflict and 
FPM lesl endpoints have variable quantitative characteristics 
and may involve different underlying mechanisms. 



STAIRCASE TEST 

The staircase test was developed by Thiebot et al. (1973, 
1976) based upon a procedure initially proposed bv Molinengo 
and Ricci-Gamalero ( 1 970). In the initial formulation of this test, 
a rat was placed w ithin an enclosed staircase and the numbers 
of steps climbed (e.g., stairs could be climbed more than once) 
and rearing responses were recorded. In the 1 980s Simiand et al. 
(1984) adapted the staircase test for use with mice. Since that 
time, the use of the mouse model in this test has become pre- 
dominant in the published literature. Upon placement of naive 
animals into the enclosed staircase, initially a negative and then 
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FIG. 44. Effect of amperozide in the Vogel conflict test, 
which measured shocks/10 min in male Sprague-Dawley rats. 
* Significantly different from controls at p <.001. (Source: En- 
gel et al., 1989, Figure 1, p. 430). 
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FIG. 46. Effect of L-5 -hydroxy tryptophan (L-5-HTP), a 5-HT 
precursor, on number of shocks/10 min in conflict behavior in 
male Sprague-Dawley rats. * Significantly different from con- 
trols at p < .05. (Source: Hjorth et al., 1987, Figure 1, p. 97). 
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FIG. 47. Effects of clonidiiie in male Sprague-Davvley rats in 
the elevated-plus maze (i.e., Montgomery's conflict test) and 
Vogel's conflict test. * Significantly different from controls at 
p <.001. (Source: Soderpalm and Engle, 1988, Figures 1 and 
2, pp. 473 and 474). 




FIG. 49. Effects of amperozide in the elevated-plus maze (i.e., 
Montgomery's conflict test) and Vogel's conflict lesl using male 
Sprague-Dawley rats. 'Significantly different from controls at 
p < .05. (Source: Engel et al., 1989, Figures 1 and 31, pp. 430 
and 432). 



a positive relationship between the steps climbed and the rear- 
ing was observed. These observations led Thiebot et al. (1973, 
1976) to suggest thai the roarings reflected emotionality or anx- 
iety while the step climbing was considered as an index of ex- 
ploration (Boissiere! al., 1976). These interpretations had their 
origins in the earlier work of I >at (1965), who suggested that the 
upward roarings offered an index of a specilic stale of aw areness 
or vigilance. Later work by Soubrie et al. (1977) revealed that 
rearings were directly related to locomotion rather than explo- 
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FIG. 48. Effect of buspirone (p.o.) in Long-Evans hooded rats 
in the elevated-plus maze (i.e., Montgomery's conflict test) and 
Vogel's conflict test. ^Significantly different from controls at 
p < .05. (Source: Vaidya et al., 2005, Figures 1 and 3, pp. 249 
and 250). 



ration. Using the open-field test they reported that during the 
initial minutes of the testing procedure, the locomotor response 
is an expression of anxiety in which escape activity predominates 
and only later does the exploratory component occur. Since the 
rearing behavior was associated with escape exploration they 
suggested that during the first few minutes of the lesl Ihe rearing 
response was an aspect of anxiety. 

In practice, anxiolytic agents would be expected to cause a 
decrease in rearing activity while eilher stimulating or having no 
effect on stair climbing. The actual stair c limbing itself is con- 
sidered to be more related to exploratory or locomotor activity. 

Despite these assumptions and interpretations, Simiand et al. 
( 1984) argued that even though rearing and locomotion can be 
decoupled by anxiolytic and psychotropic drugs (see Hughes, 
1972; Cunha and Masur. 1978). both behaviors probably have 
a significant exploratory component. They argued further that 
the precise relationship of rearing to anxiety and climbing to ex- 
ploration remains to be clarified. While theoretical uncertainties 
remain to be resolved, it is generally accepted that the staircase 
lest can be a valuable means to screen for anxiolytic drugs. 

The staircase test has important practical features since it is 
simple, quickly conducted, economical, and reasonably selec- 
tive for anxiolytic drugs. Furthermore, it does not demand prior 
handling of the animals, nor does it involve training to vari- 
ous performance levels, food deprivation, or habituation, all of 
which can be limitations in other anxiolytic testing protocols. 

Dose-Response Relationships 

In the staircase test, steps taken and rearings are counted over 
a 3 -min period and then compared. No data have been presented 
in which these two endpoints were assessed over different time 
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FIG. 50. Effects of alprazolam on the number of steps climbed 
and the number of rears in the staircase test in male NMRI mice. 
* Significantly different from controls at /) < .05. (Source: Steru 
etal., 1987, Figure l,p. 107). 
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FIG. 5 1 . Effects of bromazepam on the number of steps climbed 
and the number of rears in the staircase lesl in male NMRI mice. 
Significantly different from controls at p < .05. (Source: Steru 
etal., 1987, Figure 1, p. 107). 



points (e.g., 3 min for steps and 5 min of rearings or other ar- 
rangements). There has also been no set study design guidance 
features for assessing Ihe dose response, as some studies have 
included as few as 3 doses while oihers have used up to 14 doses. 
Nonetheless, a set of studies with robust designs (i.e., number 
and range of doses) exists for evaluation. 

Essentially all studies dealing with dose responses are as- 
sessed with respect to whether the drug reduces rearings. If there 
is a dose-dependent decrease the agent is deemed to have anxi- 
olytic properties. The response is then assessed for whether these 
doses also induced exploratory behavior. However, Steru et al. 
(1987) have revealed that benzodiazepines that have been tested 
in detailed dose-response sludies have generally shown bipha- 
sic dose responses for both steps climbed and rearing behavior 
(Figures 50-53). Two other agents that did not show the low 
dose slimulalion in Ihis study were not tested below the thresh- 
old. The quantitative features of the exploratory response had 
a higher maximum stimulation and a broader stimulatory range 
than the rearing behavior, although both endpoints were consis- 
tent with the quantitative features of the hormetic dose response. 
Similar dose responses were also reported for ethanol, phency- 
clidine, and nicotine (Figures 54 and 55) (Pollard and Howard, 
1986). Boissier et al. (1976) observed a nonparallel variation be- 
tween the climbing and rearing parameters with meprobamate 
and amobarbital in rats (Figure 56, a and b). Similar nonparallel 
responses were also reported by Simiand et al. (1984) for phe- 
nobarbital and meprobamate in the mouse model (Figure 57, a 
and b). 

The biphasic nature of the dose response for the locomotor 
effect has been interpreted as most likely due to a receptor- 
mediated stimulation at low doses and a sedative effect at higher 



doses. While this seemed to be a likely explanation, several pa- 
pers by Pick and colleagues have demonstrated that the benzodi- 
azepine antagonist llumazenil prevented both Ihe low-dose stim- 
ulation and high-dose inhibition by alprazolam, thereby indicat- 
ing a GABA-mediated receptor for these opposing responses. 
I hose lindings and their specificity challenge the sedation-high- 
dose inhibition hypothesis (Pick et al., 1996, 1997; Milmanelal., 
2006). 
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FIG. 52. Effects of clobazam on the number of steps climbed 
and the number of rears in the staircase test in male NMRI mice. 
*Significantly different from controls at p < .05. (Source: Steru 
etal., 1987, Figure l,p. 107). 
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FIG. 53. Effects of clorazepate on the number of steps climbed 
and the number of rears in the staircase test in male NMRI mice. 
* Significantly different from controls at /) < .05. (Source: Steru 
etal., 1987, Figure 1, p. 107). 

FREEZING BEHAVIOR/FEAR CONDITIONING 

Serotonin-Dopamine Antagonist 

Conditioned fear stress (CFS) occurs when an animal is 
placed in an environmental selling that had been previously 
linked or associated with an unpleasant experience such as a 
foot shock. Under such circumstances an animal model, such as 
a rat, displays very obvious freezing behavior (I 'anselow, 1980). 
CFS is a type of psychological stress without physical stimuli 
and therefore has been of interest to researchers studying animal 
models with respect to anxiety, depression, or fear. Such research 
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FIG. 55a. Effects of phencyclidine on male CD-I mice in the 
staircase test. * Significantly different from controls at p < .05. 
(Source: Pollard and Howard, 1986, Figure 3, p. 16). 

interests led to the development of the so-called ( 'SI -induced 
freezing behavior test as an initial screen for certain types of anx- 
iolytic agents (Inoue et aL 1992; Conli el al., 1990; Fanselow 
and Ilelmsleller, 1988) and antidepressants (Hashimoto el al., 
1996; Beck and Fibiger, 1995). 

The freezing behavior test involves a comparison of con- 
ditioned and noncondilioned animals. On the training day, the 
conditioned group of animals is placed (one animal at a time) 
into the experimental chamber with a grid floor and adminis- 
tered an unconditional stimulus (i.e., electric shock for 30 min). 
The noncondilioned group is similarly handled but without the 
electric shock. On the testing day. which occurs 1 day after the 
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FIG. 54. Effects of ethanol on rearings and steps climbed in the 
staircase test in male CD-I mice. * Significantly different from 
controls at p < .05. (Source: Pollard and Howard, 1986, Figure 
l,p. 16). 



1 Ki. 55b. I Tfects of nicotine on male CD-I mice in the staircase 
test. * Significantly different from controls at p < .05. (Source: 
Pollard and Howard, 1986, Figure 3, p. 16). 
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FIG. 56a. Effect of meprobamate on male Wistar rats in three 
minute staircase test. ^Significantly different from controls at 
p < .05. (Source: Boissier et al., 1976, Figure 1, p. 215). 



training session, the rats are returned to the chamber. The CFS- 
induced freezing behavior is measured for 5 min in the absence 
of the unconditioned stimulus (US). Each rat is rated as being 
either frozen or active every 10 s in a total of 30 sampling pe- 
riods. Freezing behavior is denned as the complete lack of all 
observable movements of the body and vibrissne (nasal hairs) 
except those occurring due to respiration. To get a "freezing" 
score for a 10-s period the animal must be "frozen" for the en- 
tire 10 s. The score is the number of 10-s freezing sessions over 
the total of 30. 

The freezing test has been used to evaluate the effects of 
perospirone, a novel serotonin-2 (5-HT 2 ) and dopamine-2 
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FIG. 57a. Effects of phenobarbital and meprobamate on rearing 
and step-climbing activity of male CD-I mice in the staircase 
test. *Significantly different from controls at p < .05. (Source: 
Simiand et al., 1984, Figure 3, p. 51). 

(D 2 ) receptor antagonist (SDA), on CFS-induced freezing 
behavior in male Sprague-Dawley rats for comparison to other 
antipsychotics (i.e., haloperidol, clozapine, risperidone, di- 
azepam, mosapramine, thioridazine, tiapride, chlorpromazine, 
imipramine, desipramine, ketanserin, and ritanserin). In the 
test procedures the unconditioned rats were "freezing" roughly 
five to eight 10-s periods during the 30 sessions. In contrast, 
the conditioned rats were "frozen" between 20 and 25 times 
within the 30 sessions. In all cases the antipsychotic agents 
decreased the CFS-induced freezing behavior. Of these 13 
drugs, 9 displayed evidence of a U-shaped dose response 
(Ishida-Tokuda et al., 1996) (Figures 58-67). 
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FIG. 56b. Effect of amobarbital on male Wistar rats in three 
minute staircase test. (Source: Boissier et al.. 1976. Figure 1, p. 
215). 



FIG. 57b. Effect of meprobamate on rearing and step-climbing 
activity of male CD-I mice in the staircase test. (Source: Simiand 
et al., 1984, Figure 3, p. 51). 
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FIG. 58. Effects of perospirone, ati antipsychotic, on the con- 
ditioned fear stress (CFS)-inducing freezing behavior in male 
Sprague-Dawley rats. * Significantly different from controls at 
p < .05. (Source: Ishida-Tokuda et al., 1996, p. 121, Figure 1). 
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FIG. 60. Effects of risperidone, an antipsychotic, on the con- 
ditioned fear stress (CFS)-induced freezing behavior in male 
Sprague-Dawley rats. * Significantly different from controls at 
p < .05. (Source: Ishida-Tokuda et al., 1996, p. 121, Figure 2). 



While the number of doses was not adequate to provide a 
detailed characterization of the dose response, the general body 
of evidence indicates (hat the maximum decrease in ihe occ ur- 
rence of freezing ranged between 20 and 60%. The concentration 
range over which Ihe decrease in freezing occurred w as variable 
and, for the mosl pari, nol quantitatively clarilied. I lowever. it is 
obvious that roughly half of Ihe drugs displayed a response range 
greater than 10-fold. Although they were unable to account for 
these findings, the authors argued that only SDA-type antipsy- 
chotics with combined 5-1 1 T 2 and D 2 blocking actions reduced 
the occurrence of CSF-induced freezing behavior; this led to the 



conclusion that conventional antipsychotics such as haloperidol, 
chlorpromazine, thioridazine, and mosapramine did not reduce 
the CFS -induced freezing behavior. The present analysis con- 
curs only with Ihe judgment for chlorpromazine. The apparent 
U-shaped dose response for the other three drugs, while not as 
large and broad as for the other drugs, should not be dismissed 
without further evaluation. 

The research of Ishida-Tokuda et al. (1996) was motivated by 
observations that schizophrenic patients display diverse symp- 
toms with both "positive" (e.g., hallucination, delusion, and 
excitation) and/or "negative" (e.g., apathy, social withdrawal) 



Effects. Qi Clozapine, an Antipsychotic: 
on she Conditioned Fear Stress (CPS)- 
Imtoced Freezing Behavior in Mate 
Sprague-Dawiey Rais 




1.00 3.00 10.00 30.00 
Clozapine (mg/kg) 

FIG. 59. Effects of clozapine, an antipsychotic, on the con- 
ditioned fear stress (CFS)-inducing freezing behavior in male 
Sprague-Dawley rats. ^Significantly different from controls at 
p < .05. (Source: Ishida-Tokuda et al., 1996, p. 121, Figure 2). 
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FIG. 61. Effects of diazepam on the conditioned fear stress 
(CFS (-induced freezing behavior in male Sprague-Dawley rats. 
* Significantly different from controls at p < .05. (Source: 
Ishida-Tokuda et al., 1996, p. 122, Figure 3). 
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FIG. 62. Effects of ritaiiseriii, an antipsychotic, on the con- 
ditioned fear stress (CFS)-induced freezing behavior in male 
Sprague-Dawley rats. "Significantly different from controls at 
p < .05. (Source: Ishida-Tokuda et al., 1996, p. 123, Figure 4). 



FIG. 64. Effects of thioridazine, an antipsychotic, on the con- 
ditioned fear stress (CFS)-induced freezing behavior in male 
Sprague-Dawley rats. (Source: Ishida-Tokuda et al., 1996, p. 
122, Table 1). 



symptoms and dysphoric mood alteration (e.g., anxiety and de- 
pression). The authors argued that the "positive" symptoms were 
effectively dealt with by conventional antipsychotics but not the 
so-called "negative" symptoms. However, a new class of drugs 
possessing both 5-HT2 and D2 actions had been reported to re- 
duce such negative symptoms. While this was the underlying 
theoretical framework of the experiment, the findings indicated 
that for three of the four conventional antispychotics there is 
evidence of a U-shaped dose response with improvements in the 
negative symptoms. While the magnitude of the improvement 
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appears less than the 5-HT 2 and D 2 blocking agents, their po- 
tential U-shape in the freezing behavior assessment needs to be 
confirmed. 

NMDA Receptor Modulation by Spermidine 

The molecular foundations of pavlovian conditioning have 
been an area of considerable research interest. In the case of so- 
called classical fear conditioning, it is well recognized that the 
experimental model will acquire the ability to show a defensive 
response(s) to a neutral conditioned stimulus following an as- 
sociation with a noxious unconditional stimulus. The amygdala 
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FIG. 63. Effects of ketanserin, an antipsychotic, on the con- 
ditioned fear stress (CFS)-induced freezing behavior in male 
Sprague-Dawley rats. (Source: Ishida-Tokuda et al., 1996, p. 
123, Figure 4). 
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FIG. 65. Effects of mosapramine, an antipsychotic, on the con- 
ditioned fear stress (CFS)-induced freezing behavior in male 
Sprague-Dawley rats. (Source: Ishida-Tokuda et al., 1996, p. 
122, Table 1). 
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FIG. 66. ICHcctsol'tiapridc, an antipsychotic, oiuhccondilioned 
fear stress (Cl'S)-induced frcc/ing behavior in male Sprague- 
Dawley rats. (Source: Ishida-Tokuda et al., 1996, p. 122, Table 
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FIG. 68. Effect of pretraining intra-amygdala spermidine ad- 
ministration on freezing as measured to context and to tone in 
male Wistar rats. \Signilicanlly different from controls at p < 
.05. (Source: Rubin et al., 2004, Figures A and B, p. 2330). 



and its AT-methyl-D-aspartate (NDMA) receptors have been as- 
sociated with the acquisition and expression of fear conditioning 
(Kim et al., 1 993 ; Maren et al. , 1 996; Goosens and Maren, 2001 ). 
In order to better understand how NMDA receptor functioning 
is modulated, particular attention has focused on the general 
class of polyamines (Williams et al., 1991; Rock and Mac- 
donald, 1995). Various studies have revealed that polyamines 
biphasically affect memory consolidation and retrieval, with 
high doses (> 125 nmol icv) decreasing and low doses (0.02^M) 
nmol) enhancing performance (Rubin et al., 2000, 2001). Since 
these studies were limited to the consolidation phase of the in- 
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FIG. 67. Effect of multiple antipsychotics on the conditioned 
fear stress (CFS) induced freezing behavior in male Sprague- 
Dawley rats. (Source: Ishida-Tokuda et al., 1996, summarized 
Figures 58-66 of this article). 



hibitory avoidance test, Rubin et al. (2004) assessed whether 
intra-amygdala injections of polyamines affect the acquisition 
and consolidation of the fear conditioning response. 

In their study adult male Wistar rats were trained to asso- 
ciate an auditory stimulus with a painful electric shock (i.e., 
fear conditioning) (Rubin el al., 2004). The measurement of the 
fear response was on the occurrence of "freezing," that is, lack 
of movement (excluding breathing). The polyamine spermidine 
was injected into the intra-amygdala either immediately pre- 
training or posttraining to assess modulation of the acquisition 
of contextual and auditory fear conditioning. The pre- or imme- 
diate posttraining mode of administration was critical in order 
to differentiate the acquisition from the early consolidation of 
fear conditioning. The experiment also included the impact of 
spermidine on the freezing response in a novel context without 
tone (i.e., contextual evaluation). The effects of pretreatment 
with spermidine affected both contextual and tone-conditioned 
fear responses in a biphasic manner, with a low-dose stimulation 
and a high-dose inhibition (Figure 68). The maximum stimula- 
tory response was about 80% greater than the control response 
in both cases. The stimulatory responses were between several 
hundredfold and 1 ,000-fold concentration range for both con- 
textual and tonal evaluations. 

The posttraining administration of spermidine also enhanced 
freezing to the contextual auditory conditioned response in a 
biphasic dose-response manner, with the magnitude of enhanced 
response approaching about 80' /< greater than control responses. 
The administration of the NMDA antagonist arcaine decreased 
the freezing response. Likewise, arcaine coadministration re- 
versed this effect of spermidine, even at doses at which arcaine 
had no effect by itself. At the doses where spermidine enhanced 
the conditioning response it had no effect on shock threshold, 
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anxiety, or locomotor ability, thereby eliminating motivational 
disparities on training as a factor accounting for the spermidine 
effects on the fear conditioning response. 

Rubin et al. (2004) suggested that low doses of polyamines 
regulate amygdala function via the modulation of NMDA re- 
ceptors. This interpretation is consistent with other findings of 
NMDA receptor modulation based on neurochemical and elec- 
trophysiological evidence (Williams et al., 199 1 ; Rock and Mac- 
donald, 1995; Williams, 1997). That is, polyamines biphasically 
affect MK-801 and TCP binding to the NMDA receptor channel 
(Williams et al., 1991; Rock and Macdonald, 1995; Williams, 
1997) in similar fashion, and they biphasically effect NMDA- 
evoked currents (McGurk et al., 1990; Sprosen and Woodruff, 
1990; Williams et al., 1990; Rock and Macdonald, 1995) with 
dose-response features quantitatively similar to those reported 
in the fear conditioning experiments of Rubin et al. (2004). 

DEPRESSION BEHAVIOR (FORCED SWIM TEST, TAIL 
SUSPENSION TEST, AND CHRONIC STRESS TEST) 

Antidepressant drug efficacy has been assessed by several 
behavioral tests in rodents, referred to as the forced swim 
test (FST), the tail suspension test (TST) (Bai et al., 2001; 
Bourin et al., 2005; Petit-Demouliere et al., 2005; Stent et al., 
1985: Ripoll el al., 2003), and the unpredictable chronic stress 
test (Katz et al., 1981). The FST typically involves placing a 
mouse/rat in a cylinder of water (22-25°C). Then, following 
a defined period of struggle, the rodent becomes immobile or 
floats passively. In the case of the TST, a mouse is suspended 
by the tail about 35 cm above the floor. The mouse will quickly 
struggle to escape, but gradually stops and becomes immobile 
(Thierry et al., 1986). As a consequence of being placed in in- 
escapable aversive conditions the rodents shift between periods 
of vigorous activity (e.g., searching behavior) and immobility 
(e.g., waiting behavior). The duration of immobility has been 
used as a measure of "behavioral despair" (Liu and Gershen- 
feld, 2003). While it may appear that such behaviors have little 
to do with models of depression, these models have been shown 
to have high (^90%) predictive success for structurally diverse 
compounds. In the chronic stress model, rats are exposed to a va- 
riety of stressors for 3 weeks, after which some rats are exposed 
to an acute stress followed by an open field test. Acutely stressed 
animals display high activity and low defecation in the open 
field compared to chronically stressed rats, unless the chroni- 
cally stressed rats are given daily injections of an antidepressant 
(Pignatielloetal., 1989). 

Forced Swim Test/Tail Suspension Test 

Of relevance to hormetic dose responses is a report by Bai 
et al. (2001), who assessed the effects of imipramine on male 
C57B1/6 mice using the FST. In this experiment the mice were 
placed in clear plastic cylinders (diameter 10 cm, height 25 cm) 
filled to 6 cm for 6 min. The duration of immobility was recorded 
during the final 4 min of the 6-min period of observation. The 
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FIG. 69. Dose response curve of imipramine in the forced swim 
test (FST) in C57B1/6 mice. ^Significantly different from con- 
trols at p < .05. (Source: Bai et al, 2001, Figure 2A, p. 189). 

imipramine induced a U-shaped dose response (Figure 69). Tests 
with the NIH-Swiss mouse model yielded no indication of a U- 
shaped response with doses up to 45 mg/kg, suggesting that a 
broader dosing range might have been of value. 

The research of Bai el al. (2001) is consistent with that of 
other reports indicating a U-shaped dose response with antide- 
pressant drugs, initially demonstrated in animal model studies 
by Plotnikoff et al. (1971, 1973) and extended to depressed pa- 
tients soon thereafter (Ehrensin and Kaslin, 1974). Using an 
early version of the FST (see Porsolt et al., 1977, 1978; Nomura 
et al., 1982), Kastin et al. (1984) demonstrated that the peptide 
MIF-1 caused an increase in the number of rotations of the wa- 
ter wheel, representing a reversal of the immobility. The dose 
response followed the typical U-shaped dose-response relation- 
ship, with the maximum response being approximately twice 
that of the control value with the width of the stimulation dose 
range being about 10-fold. The clinical implications of the U- 
shaped dose response were addressed in a preliminary manner 
by Kastin et al., who suggested the need for caution when mak- 
ing determination of the effective dosage. 

The FST and TST tests have also been used to assess the 
antidepressant activity of methylene blue (Eroglu and Caglayan, 
1997) and extracts from aerial parts of hypericum perforatum 
(Butterweck et al., 1997, 1998a, 1998b). These investigations 
have also consistently revealed a U-shaped dose response using 
the FST over a broad dose range employing 5-7 doses per 
experiment (Figures 70-72). With respect to the research of 
Butterweck et al. (1997, 1998a, 1998b), the optimal dosage for 
antidepressant activity does not cause an increase in motor stim- 
ulation in the open field test and there was no change in activity 
of the rats during a subchronic treatment, thereby not sup- 
porting the conclusion that non-specific effects may cause the 
decreased immobility. Furthermore, use of D 2 and D 3 receptor 
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FIG. 70. An evaluation of hypericum on time of immobility 
in the forced swimming test in male CD rats. * Significantly 
different from controls at /) < .05. (Source: Butterweck et al., 
1998a, Figure 2, p. 292). 
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FIG. 72. An evaluation of pseudohypericin on time of immobil- 
ity in the forced swimming test in male CD rats. * Significantly 
different from controls at p < .05. (Source: Butterweck et al., 
1998a, Figure 2, p. 292a). 



antagonists prevented the effect during the FST, suggesting a 
dopamine-mediated activity (Buiierweck el al.. 1997). 

Learned Helplessness 

Learned helplessness behavior using a shuttle-box task 
methodology has been shown to be regulated in a biphasic dose- 
response manner by corticosterone (Kademian et al., 2005). The 
dose response was U-shaped, showing ihe same quantitative fea- 
tures of the hormetic dose response. Possible underlying mecha- 
nisms to account for the U-shaped dose response were addressed 
in delail. allhough in a speculative fashion. However, in general, 
il appears thai corticosterone can either increase or decrease the 



learned despair response via its effect on mineralocorticoid (MR) 
and glucocorticoid (GR) receplors in male Wislar rats that have 
had behavioral impairment induced by inescapable foot shocks. 
The foot shock caused the rat to become inactive, lacking any 
discernable movement (i.e., helplessness). Corticosterone con- 
centrations that are able to affect a high percentage of MR de- 
pletion along with a moderate GR depletion are needed to avoid 
or lessen the learned helplessness. However, high levels of GR 
depletion are related to an increase of the helplessness behavior. 
The administration of the GR antagonist RU 38486 blocked the 
reduction of the helplessness behavior in adrenalectomized rats 
receiving 100 /<g/ml corticosterone. emphasizing an important 
role for GR. 
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FIG. 71. The effect of hypericum extract in the forced swim- 
ming test in male CD rats. * Significantly different from controls 
at p < .05. (Source: Butterweck et al., 1997, Figure 8, p. 121). 



Chronic Stress Test (CST) 

The chronic stress test (CST) is a unique experimental 
paradigm to assess depression behavior. Over the course of 20 
days, a series of stressors is given to the animals, with a differ- 
ent stressor given daily except for 2 days when no stressor is 
administered. The time of delivery of the stressor is also varied 
in order to maximize the unpredictable nature of the stresses. On 
day 21 (about 30 min into the dark cycle) the rats are placed into 
a lighted room for 1 h in the presence of a speaker emitting 95 
dB white noise. After exposure to this noise/light stress, these 
rats are transported immediately to the open field test room. 
The open field testing is conducted in the dark (except for a 
25-W light bulb) and with background noise (40-50 dB). Ani- 
mals are placed facing one of four corners and observed for 3 
min with four endpoints being scored (i.e., number of squares 
entered with four feet, latency to leave home square, defecation 
score, and latency to defecation). In this test Pignatiello et al. 
(1989) administered (ip) MIF-1 (prolyl-leucyl-glycinamide), an 
antidepressant, to male Sprague-Dawley rats on a daily basis 
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FIG. 73. Effect of MIF-1 on activity in ail open-field maze as 
measured by the mean number of squares crossed. ^Significantly 
different from controls at p < .05. (Source: Pignatiello et al., 
1989, Figure 2, p. 739). 

throughout the test period. The authors reported biphasic dose 
responses for squares crossed (Figure 73) and fecal boluses (Fig- 
ure 74). Follow-up clinical research by this group reported an 
improvement in major depression following low subcutaneous 
doses of MIF-1 (Ehrensin, et al., 1994), consistent with the find- 
ings of the animal studies. 

Anxiety/Ulcers (Communication Box Test 
and Immobilization/Cold Test) 

In the mid 1980s the non-benzodiazepine buspirone gener- 
ated considerable inleresi as a selective anxiolytic agent. Much 
of this interest was based on observations that buspirone did 
not cause cognitive impairment, physical sedation (Lader, 1982; 
Lucki et al., 1987), and positive reinforcement, as seen with 
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FIG. 74. Effect of MIF-1 on defecation (mean number of bo- 
luses) in an open-field maze. ^Significantly different from con- 
trols at p < .05. (Source: Pignatiello et al., 1989, Figure 3, p. 
740). 
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FIG. 75. Effect of buspirone on gastric pathology following ul- 
cer producing protocol in male Wistar rats. * Significantly dif- 
ferent from controls at p < .05. (Source: Sullivan et al., 1988, 
Table 1, p. 318). 

other antianxiety drugs. Pharmacological assessment of bus- 
pirone suggested that its principal effects were probably me- 
diated via dopaminergic pathways and that it may display prop- 
erties of dopamine agonists and antagonists at different dose 
levels (Riblet et al, 1982; Skolnick et al, 1984). 

Since buspirone displayed anxiolytic properties that were 
probably mediated by the dopaminergic system and since the 
administration of dopamine agonists and antagonists could de- 
crease or increase stress-induced ulcers in rodents , Sullivan et al. 
(1988) assessed whether buspirone administration over a broad 
dose range in which it could act both as agonist (low doses) 
and antagonist (at high doses) could affect stress-induced ul- 
cer formation in the adult male Wistar rat. Ulcers were induced 
quickly as a result of immobilization of the rats in Plexiglas re- 
strainers at 4°C for 3 h. Control animals sacrificed immediately 
after the 3 h displayed over 6 (average of 6.2) gastric (stom- 
ach) ulcers per rat. The ulcers were also graded for severity 
based on size of the lesion. The buspirone, which was admin- 
istered just prior to immobilization, was given over a 100-fold 
dose range using 5 doses (0.3-30.0 mg/kg) with semi-log dose 
spacing. 

The buspirone induced a biphasic dose response in which 
low doses reversed both ulcer number and severity, while the 
reverse was the case at higher doses (Figure 75). The ulcer 
number and severity were reduced by about 50-60% with the 
low-dose treatment. These findings are consistent with obser- 
vations that buspirone acts as both a DA agonist and antago- 
nist depending on the dose. Further supporting this interpre- 
tation were data showing that haloperidol, a DA antagonist, 
and apomorphine, a DA agonist, respectively enhanced and re- 
duced ulcer formation in the Sullivan et al. (1988) experimental 
setting. 
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Several years later it was reported that buspirone also dis- 
played a biphasic dose response on ulcer formation in a mouse 
experimental anxiety model (Ogawa et al., 1993). This study 
induced ulcers via the so-called "communication box" method, 
which increased anxiety via an intraspecies emotion communi- 
cation method. In this case two groups of mice are separated 
by transparent plastic board. The mice in the two groups could 
not contact each other but could see, hear, and smell each other. 
One group received footshocks of 10 s duration at an interval of 
50 s, for 3 h, at 1.6 to 2.0 mA, which progressively increased 
by 0.2 mA per hour. This process was repeated with a new set 
of naive mice each day for 3 days. The group not receiving the 
footshocks was not changed but was able to receive the sensory 
cues given off by the shocked mice. Specialized control groups 
were concurrently run to control for experimental setting and 
feeding conditions. In a 3-day treatment protocol buspirone was 
administered to five different groups of mice with doses rang- 
ing from 1 to 25 mg/kg. As was the case in the Sullivan et al. 
(1988) study, a U-shaped dose response occurred with an opti- 
mal decrease in ulcer formation at 5 mg/kg. Of particular interest 
is that at 5 mg/kg the incidence of mice with ulcers decreased 
from 85% to 15%, a value that was even lower than in the sham 
control (30%). 

While acknowledging the paper of Sullivan et al. (1988), 
Ogawa et al. (1993) hypothesized that the enhanced of toxicity 
at the higher dose may be due to either a hypothermic effect 
((iudelsky el al., 1988) or ils capacity to release corticosterone 
(Urban et al., 1986), as both of these effects can affect gastric 
ulcer formation (Brodie and Hanson. 1960; Brodie etal., 1961). 
No discussion was directed to the dopamine agonisi/antagonist 
hypothesis of Sullivan et al. (1988). 

GABA RECEPTOR COMPLEX (MECHANISTIC MODEL 
FOR MANY ANXIOLYTIC DRUGS) 

GABA is the principal inhibitory neurotransmitter in the 
mammalian central nervous system. Its inhibitory actions are 
mediated by GABA B receptors that are associated with GTP- 
binding proteins and by GABA A receptors that have an integral 
anion channel. GABA A receptors are the site of action of nu- 
merous drugs of societal importance including benzodiazepines 
(BZ), barbiturates, steroids, convulsants, hypnotics, and ethanol. 
When GABA, or one of the drugs just noted, binds to its recep- 
tor, it enhances the flow of chloride ions through the channel and 
neuronal excitability is diminished in accordance with GABA's 
inhibitory neurotransmitter function. The cloning of more than a 
dozen GABA A receptor subunits has provided a structural foun- 
dation for the pharmacological heterogeneity of GABA receptor 
systems with reference to the highly diverse central BZ-binding 
sites. Such structural developments provide a basis to assess 
interspecies and regional differences in the actions of various 
GABA ligands for a broad range of responses including those 
relating to hormetic-like dose-responses which result from al- 
losteric modulation. 



Benzodiazepines display their pharmacological effects in the 
brain by enhancing the actions of the inhibitory neurotransmitter 
GABA. The interaction of benzodiazepines with GABA involves 
the brain-specific drug receptors that are components of GABA 
receptors, including the GABA-benzodiazepine chloride iono- 
phere receptor complex. The investigation of the drug receptor 
of GABA-regulated chloride ion channels was markedly en- 
hanced in the early 1980s by Squires et al. (1983), who re- 
ported that labeled [ 35 S] -t -butylbicylophosphorothionate ( | 35 S | - 
TBPS), a derivative of a series of potent GABA antagonistic 
cage convulsants, binds with high affinity to brain-specific bind- 
ing sites linked to GABA receptors. The use of TBPS in bind- 
ing studies represented an important methodological advance 
over the use of the then only available ligand, dihydropicro- 
toxinin, which has high nonspecific binding to brain membrane 
fractions. 

Using the cerebral cortex of the adult male Wistar rat, it 
was determined that the majority of GABA binding sites were 
constituents of the GABA-benzodiazepine receptor complex 
(Palacios et al., 1982; Supavilai and Karobath, 1984). Further 
investigations by Supavilai and Karobath (1984) determined 
that under specific membrane preparation conditions (e.g., re- 
duced concentrations of NaBr or with its replacement by 100 M 
NaCl) TBPS binding displayed biphasic actions with muscimol, 
a GABA agonist, with high-affinity stimulation (EC50 23 nM) 
and low-aflinily inhibition (IC50 724 nM). In the presence of 
a potent bicuculline-like GABA antagonist (i.e., R 5135), the 
biphasic response of muscimol on TBPS binding was consis- 
tently observed but shifted to the right with little impact on am- 
plitude and width of the concentration stimulatory range. Similar 
findings of a biphasic dose response on TBPS binding were re- 
ported for diazepam (Figure 76). a response that was fully antag- 
onized by the specific receptor antagonist Ro-15 1781 (Concas 
etal., 1990). 




FIG. 76. Diazepam enhances [ 35 S]TBPS binding to unwashed 
membranes preparations in the presence of bicuculline. 
* Significantly different from controls at p < .05. (Source: Con- 
cas et al., 1990, Figure 1, p. 90). 
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Biphasic actions of etazolate and pentobarbital (e.g., both 
CNS depressants) on TBPS binding along with a Hill number 
> 1 lor their inhibitory effects led Supavilai and Karobath (1984) 
to suggest a multiplicity of TBPS binding sites in a GABA- 
benzodiazepine receptor complex with cooperativity between 
these sites. The findings of Supavilai and Karobath (1984) stim- 
ulated the development of research into allosteric mechanisms 
of GABA, typically using TBPS binding as the principal end- 
point measured. The areas of research included the assessment 
of dose-response relationships for other GABA-receptor act- 
ing agents from different chemical classes, e.g., the synthetic 
steroids such as the anesthetic alphaxaline (Figure 77) (Turner 
et al., 1989) and some of its chemical relatives (e.g., various bar- 
biturates such as the commonly studied pentobarbital; Turner 
et al., 1989; Liljequist and Tabakoff, 1986, 1993), numerous 
hypnotics (Lloyd et al., 1990), a broad range of glucocorticoids 
(Majewska, 1987). various insecticides (e.g.. avermeclin) (fig- 
ure 78) (Huang and Casida, 1997; Maksay and Van Rijn, 1993; 
Cully and Paress, 1991; Olsen and Snowman, 1982, 1983) and 
other agents, regional brain responses to such agents (Liljequist 
and Tabakoff, 1993; Srinivasan et al., 1999; Sapp et al., 1992), 
and the relationship of receptor subunit heterogeneity to account 
for both interspecies and regional GABA response differences 
(Sapp et al., 1992), drug interactions, and other modulatory in- 
fluences such as the impact of prior seizures on subsequent dose- 
response relationships. Not only were allosteric effects reported 
with respect to TBPS binding but with other endpoints such as 
Cl-flux measures, which are highly correlated with the TBPS 
findings (Obata et al., 1988; Pomes, et al., 1994a, 1994b). In 
general, biphasic dose-response relationships were commonly 
reported with similar quantitative features in terms of the am- 
plitude and range of the stimulatory response. 
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FIG. 77. Concentration-dependent modulation of [ 35 S]TBPS 
binding to convulsant receptors on the GABA receptor-chloride 
channel complex in male and female Sprague-Dawley rats by 
the steroid anesthetic alphaxalone. (Source: Turner et al., 1989, 
Figure 3, p. 962). 
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FIG. 78. Biphasic effects of AVM B la on 36 Cl-influx in intact 
cerebellar granule neurons. * Significantly different from con- 
trols at p < .05. (Source Huang and Casida, 1997, Figure 5, p. 
264). 

In terms of the different chemical classes that bind to the 
GABA receptor complex, it was typically found that each has 
a unique binding configuration with the receptor. Despite the 
specificity of binding properties within the ( iABA receptor com- 
plex, allosteric biphasic dose-response modulation was gener- 
ally present. Follow-up research on the receptor complex via 
cloning technologies revealed that the functional GABA A recep- 
tor may be affected by multiple subunit s, which determine recep- 
tor pharmacology, including specilicily, modulatory responses 
such as allosteric behaviors and other features (Pregenzer et al., 
1993). 

Kinetic studies were also employed to assess the biphasic 
dose responses of the GABA agonists and antagonists. Mak- 
say and Simonyi (1986) found that the biphasic dose responses 
(which they referred to a low-dose hooks) could be explained by 
an allosteric kinetic modulation of TBPS binding. The biphasic 
response occurs as a result of simultaneous but unequal accel- 
eration of association and dissociation rate constants. In fact, 
model calculations in their paper utilizing modulation in the 
same direction of the on and off rates of binding can reproduce 
the observed biphasic phenomena. 

Despite the consistency of the GABA-related biphasic dose- 
response phenomena and their allosteric modulatory mecha- 
nistic foundations, little discussion has focused on their bi- 
ological/evolutionary significance. However, Majewska et al. 
(1986) opined that such biological changes are homeostatic 
and adaptive responses that permit endogenous regulatory fac- 
tors to act in a coordinated fashion with positive and nega- 
tive regulation of GABAergic neurotransmission. She further 
stated that the biological significance of a modest enhancement 
in the apparent affinity and density of convulsant-TBPS bind- 
ing sites induced by physiologically meaningful concentrations 
of 17-OH-glucocorticoid is unknown, although it suggests that 
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glucocorticoids could play the role of a "second-order" modu- 
lator in which they may lower seizure threshold via the capacity 
to enhance the binding of model convulsants to TBPS binding 
sites. 

GABA: Antidepressant 

Exploration into the mechanism(s) by which antidepressants 
achieve their effect on mood is a central area of pharmacologi- 
cal research. When such investigations sought to determine the 
mechanism by which the antidepressant trizadone (TRZ) acts, 
an integrative hormetic mechanism was revealed. While TRZ 
has been an approved drug for nearly 50 years, its mechanism of 
action remained largely unresolved until the early 1990s when 
Marek et al. (1992) suggested that its antidepressant effects 
could be explained by its antagonism for the 5-HT 2 /ic receptor 
subtype. Subsequent findings added the complementary mecha- 
nism of a weak inhibition of the 5-HT-transporter (Frazer, 1997). 
Based on these mechanistic underpinnings, TRZ became classi- 
fied as a SARI (i.e., serotonin-2 receptor transporter) (DeVane, 
2000). These advances were able to explain how the blocking of 
the 5-HT 2 a subtype receptor leads to a large increase in 5-HT 
exlracellular levels, which is the necessary condition to cause 
the antidepressant effect. A key advance occurred when Cozzi 
and Nichols (1996) determined that GABAergic interneurons 
could be modulated by acting on the 5-HT 2 a/2c receptor sub- 
type. These studies revealed that various 5-HT 2 a antagonists in- 
hibit K+-slimulaIed y-( iABA release from cortical slices, while 
the opposite effect occurred with 5-HT 2A /2c agonist treatments 
(Abi-Saab el al., 1999). These convergent developments led to 
the possibility that TRZ may achieve the large increase in 5-HT 
extracellular levels (and its antidepressant effect) via the modu- 
lation of GABA extracellular levels when the 5-HT 2A receptor 
is blocked. 

Using cortical slices of male Sprague-Dawley rats, Luparini 
et al. (2004) reported that TRZ administration caused a bipha- 
sic dose response of GABA release, with low concentrations 
(10~ 10 -10~ 7 M) being inhibitory while higher concentrations 
(10~ 6 -10~ 4 M) enhanced GABA release. 5-HT release was in- 
creased across the entire range of TRZ concentrations tested. 
However, the increase was rapid (12 to 16 min) after high con- 
centrations but delayed (observed after 24 to 28 min) after low 
concentrations. Follow-up microdialysis studies revealed the 
biphasic dose response in which TRZ (sc) decreased GABA ex- 
tracellular concentrations at low doses while increases occurred 
at higher doses (Figure 79). Administration of 5-HT 2A antago- 
nists reduced GABA release while effecting a delayed increase 
in 5-HT extracellular levels. 

These findings led to the recognition that TRZ affects a 
reciprocal modulation between the corticol serotonergic and 
GABAergic systems. At low concentrations TRZ treatment re- 
duces GABA release by blocking 5-HT 2A receptors on GABA 
neurons. This reduction in GABA release is associated with an 
increase in 5-HT release. However, when TRZ concentrations 
are high, this treatment increases 5-HT release by inhibiting the 




!..og(TRZJ M 

FIG. 79. Effect of TRZ on GABA release from rat cortical 
slices. Peak percent changes in GABA release in the concentra- 
tion range of 10~ n -10~ 4 M. * Significantly different from con- 
trols at p < .05. (Source: Luparini et al., 2004, Figure 3B, p. 
1121). 

5-HT transporter. While the increase in 5-HT release is a nec- 
essary condition for the antidepressant effect of TRZ, the most 
likely mechanism appears to be via 5-HT 1A receptor downreg- 
ulation (Subhash et al, 2002). 

The quantitative features of the biphasic dose response are 
consistent with the hormetic response. TRZ affects a decrease 
in GABA release over approximately a 1,000- to 10,000-fold 
range. The magnitude of the decrease was about 35-40% at the 
maximum. However, at high doses the responses were reversed 
(Figure 79). 

The relationship between TRZ and the hormesis concept is 
both interesting and complex. The relationship to hormesis is 
seen with it effects on GABA release which is clearly biphasic. 
GABA enhances the release of 5-HT by different mechanisms at 
low and at high concentrations. Thus, the antidepressant effect 
of TRZ would be effective over a very broad dose range. There 
appears to be no significant difference in the percent increase 
of 5-HT release via these two mechanisms, suggesting similar 
drug-induced responses al low and high I RZ doses. 

Biphasic Dose Response — Partial Agonist Strategy 

The recognition that drugs could biphasically affect TBPS 
binding to cortical tissue has led to several research directions. 
Of particular relevance have been pharmaceutical initiatives to 
explore this observation in the discovery of a new class of BZR 
ligands that effectively reduce anxiety but with fewer adverse 
side effects. 

Ligands that bind to the ben/odia/apine site display a con- 
tinuum of intrinsic activity, with some being full agonists (dis- 
playing anxiolytic, hypnotic, and anticonvulsant activity), an- 
tagonists (i.e., no activity), and inverse agonists (i.e., displaying 
proconvulsant and anxiogenic activities). As implied from these 
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effects, antagonists have little or no effect on the chloride flux 
whereas inverse agonists decrease the flow of the chloride ion. 
Given this continuum of activity, partial agonists act within this 
efficacy spectrum, leading to the hypothesis that partial agonists 
may display antianxiety properties. 

It was hypothesized by Jacobsen el al. (1999) that with proper 
adj us tment of intrinsic activity, a therapeutic agent with biphasic 
efficacy could be synlhesi/ed, having characteristics thai limils 
its own agonistic effects over a broad dose range, thereby re- 
ducing its abuse potential. This general perspective fueled the 
search for viable partial agonists (Im et al., 1995; Jacobsen et al., 
1996a, 1996b, 1999; Mickelson et al., 1996). 

In addition to the discovery and characterization of partial 
BZR agonists, GABA-A receptor channel complexes were de- 
lermined to exisl as composites of different receptor subunits 
(a, p, y,S). The identification of subtype selective ligands also 
permits novel opportunities to discriminate between useful anx- 
iolytic or hypnotic effects and harmful side effects. 

In the search for BZR partial agonists, Jacobsen et al. (1999) 
explored a series of piperazine ureas, many of which were found 
to be partial agonists based on the TBPS binding and/or Cl- 
current ratio assays. Such investigations also yielded a subclass 
of compounds that showed biphasic effects in in vitro assays, 
along with progressively greater antagonistic activity at higher 
drug concentrations. 

The investigations of Jacobsen et al. (1996a, 1996b, 1999) re- 
vealed that many quinoxaline piperazine ureas displayed bipha- 
sic dose responses in in vitro bioassays, one of which they high- 
lighted in an earlier paper by Im et al. (1995). The model agent 
(i.e., U-P7775 in Im et al., 1995; or compound 47 in Jacob- 
sen et al., 1999) is a GABA-A receptor ligand exhibiting dual 
functionality based on the capacity to affect GABA-induced CI 
currents with human embryonic kidney cell lines (HEK- 293) ex- 
pressing various GAB A receptor subtypes. The agents induced 
a biphasic dose-response profile in the al/92y2 receptor phe- 
notype, with low concentrations enhancing the Cl-current with 
a maximum of about 220%. The stimulatory, but not the in- 
hibitory, response of U-97775 was blocked by the benzodiazap- 
ine antagonist Ro-15-1788, suggesting that this ligand interacts 
at a second site on GABA receptor, which is separate from the 
benzodiazepine site. Similar biphasic dose responses and an- 
tagonist blocking were also reported for TBPS binding. Testing 
of other receptor subtypes (i.e., a3p2y2) also yielded similar 
biphasic dose responses. 

In their assessment, Imetal. (1995) noted that drugs with dual 
functionality, such as U-97775, are likely to be commonly ob- 
served, considering the presence of multiple binding sites within 
the same receptor complex as is the case with GABA-A. Not 
only is this the case with the synthetic benzodiazapine ligands. 
but also for the 5HT3 antagonist ICS 205-930, which induced 
biphasic dose responses with the GABA-invoked CI currents 
that required the y2 receptor subunit, a response that was again 
blocked by the benzodiazapine antagonist Ro-15-1788 (Klien 
etal., 1994). 
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FIG. 80. Effects of SQ 65,396 on 3 H-diazepam binding in rat 
brain. (Beer et al., 1978, Figure 1, p. 850). 

A similar dose response has been reported with Sq 65,396 
(a pyrazolo (3,4,6) pyridine), an anti-anxiety agent that acts by 
biphasically affecting the binding of diazepam in the mouse 
cortex (Beer et al., 1978) (Figure 80). The mechanism by which 
this agent enhanced the binding of diazepam was via an increase 
in binding affinity without affecting the number of receptors. 

The concept espoused by Jacobsen etal. (1996a, 1996b, 1999) 
of optimized partial agonists thai have a broader therapeutic zone 
with fewer side effects applies not only to synthetic drugs, as in 
the case of anxiolytic drugs, but also for endogenous agonists 
as a common adaptive strategy, for example, biphasic dose re- 
sponses have been reported for the neurosteroid 3cyOI 1-1)1 IP (al- 
lopregnanolone) on the recombinant a6^2y2 GABA-A recep- 
tor complex in the brain (Majewski and Schwartz, 1987; Zaman 
etal., 1992; Hauseretal., 1995). 3a-OH-DHPandpregnanolone 
sulfate (PS) in the lower nanomolar range enhanced GABA- 
induced currents but were antagonists in the upper nanomolar 
and micromolar range. Similar biphasic responses were also 
reported for the neuro-steroid. tetrahydrodeoxycorticosterone 
(THDOC) in assessments of GABA-activated CI currents in 
cultured rat hypothalamic neurons (Wetzel et al., 1999). 

Environmental Applications 

The organochlorine pesticides belonging to the polychlorocy- 
cloalkanes (PCCAs) are well known for their capacity to induce 
grand mal convulsions in mammals as a principal neurotoxin 
effect. Agents of this class that may induce such convulsions in- 
clude lindane, aldrin, and dieldrin. In contrast, some hexachloro- 
cyclohexane isomers such as /J- and-y-HCH are known as CNS 
depressants. 

Since PCCAs are known to interact with the GABA A re- 
ceptor, Pomes et al. (1994a, 1994b, 1994c) explored the effect 
of convulsant and nonconvulsant organochlorine compounds on 
GABA-induced 36 C1 flux in a homogeneous cortical neuronal 
population from 15-day-old fetal mice (of one mouse strain) that 
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expresses the GABA A receptor. The findings revealed that the 
convulsant-inducing agents (i.e., lindane, endosulfon, and dield- 
rin and aldrin) displayed a concentration-dependent decrease in 
the 36 C1 uptake. In contrast, the depressant activity agents (i.e., 
fi- and y -HCH) induced a biphasic concentration response, with 
stimulation occurring at the lowest two concentrations, while 
an inhibitory response occurred at the three highest concentra- 
tions. The maximum stimulatory responses were 40-45% for 
both agents. 

The authors hypothesized that the increase of GABA-induced 
Cl-flux by p- and y-HCH may account for the depressant ac- 
tivity of those agents and that the biphasic response could be 
accounted for as a balance between indirect (via an increase 
of intracellular Ca 2+ ) and direct effects of y-HCH on GABA- 
induced 36 C1 uptake. They noted that other depressant drugs 
such as BZs and pentobarbital display biphasic effects on the 
GABA A receptor (Allan and Harris, 1986; Obata et al., 1988). 

The findings of Pomes et al. (1994a, 1994b, 1994c) represent 
the first reports of both different and opposite effects between 
the convulsant (a-HCH-lindane) and the depressant (y-HCH) 
isomers on GABA-induced CI uptake, mostly likely due to the 
use of considerably higher and non-physiological concentrations 
(see Fishman and Gianutsos, 1988). 

These findings led to a wide range of possible explanations, 
all of which were highly speculative, for example, that the low- 
dose stimulation may not be due to how these agents cause de- 
pressant effects but how they avoid convulsanl elf eels. I he hick 
of a biphasic response in the convulsanl drug may be because 
the dose was too high. In the study of biphasic dose responses 
in the GABA system, authors have typically used TBPS binding 
as the principal endpoint. However, the CI flux also commonly 
yields a biphasic dose response. It should be noted that both 
of theses parameters were shown to be highly correlated with 
each other in the same system (Pomes et al., 1994a, 1994b, 
1994c). 

DISCUSSION 

The present assessment has evaluated the principal anxiolytic 
drug screening protocols and testing procedures in order to de- 
termine the nature of the dose response for agents active in these 
tests. These screening lesls included the elevated plus maze test, 
open field test, social interaction test, hole-board test, staircase 
test, light-dark test, four plates test, Vogel's conflict test, and 
various tests of depression such as the forced swim test, the tail 
suspension test, and the freeze behavior test and several ulcer- 
inducing tests such as the communication box test and the im- 
mobili/aiion/cold siress lesi. lesls were selected for evaluation 
based on considerations that included experimental validation, 
susceptibility to false positives and negatives , widespread accep- 
tance/use, possible intertest comparisons, study design, statisti- 
cal power strengths, mechanism-oriented research, and inclusion 
of protocols that were robust with respect to number of doses 
used and their spacing. Each test was evaluated within its histor- 
ical developmental context as well as within current frameworks 



that reflect iterative modifications of such lesls since their initial 
formulation. 

Hormetic Dose-Response Features 

This assessment has revealed that anxiolytic drugs commonly 
display hormetic-like biphasic dose responses, independent of 
the test and animal model employed. The quantitative features of 
the dose responses across the various anxiolytic testing schemes 
are remarkably similar with respect to the maximum increase 
and width of the stimulatory response. Consistent with hormetic 
response feanires, the maximum responses are generally modest 
with most being less than twice that of the control, with the av- 
erage maximum value being about 30-60% greater than control 
values. The width of the stimulatory response, while variable at 
times, is typically over a range from about 1/5 to 1/30 of the zero 
equivalent point or the traditional threshold response. While nu- 
merous investigators in the field of anxiety -related research have 
been aware of the biphasic nature of the dose response, there 
seems to have been little explicit appreciation of its widespread 
occurrence and similar features of the dose response across tests, 
models, and chemical classes. 

Ceiling Effect and Drug Potency 

The quantitative aspects of the dose response suggest that 
maximum anxiolytic responses may be subject to and/or ex- 
pressions of the so-called "ceiling effect," which is common 
and a broadly generalizable characteristic of pharmacological 
responses. There is therefore a remarkable quantitative consis- 
tency with respect to the maximum anxiolytic response. This is 
the case regardless of the potency of the agent. That is, highly 
potent drugs may show anxiolytic effects at very low doses rela- 
live lo less potent agents, but the quantitative leal tires of I he dose- 
responses between very potent and less potent agents are strik- 
ingly similar. This observation has been consistently seen across 
the broad spectrum of hormetic dose responses regardless of bi- 
ological model, endpoint measured, and chemical class. Thus, 
it is likely that the ceiling effect is a component of the hormetic 
dose response. 

High Dose Inhibition Explanation 

Explanations for the decrease in the response at the higher 
doses can be complex and may vary according to agent and/or 
model. While it has been al limes assumed thai decreased re- 
sponses at higher doses may result from possible drug sedative 
properties, il has been established that various drugs display their 
high-dose decreases in the absence of sedative effects. In such 
studies it has often been the case that the decrease in response 
may be blocked by a receptor agonist or antagonist, thereby de- 
coupling the decrease from drug-enhanced sedative effects and 
linking the decrease to specific receptor-based mediated effects 
(Pick et al., 1996, 1997; Milman et al., 2006). 

Inter-Anxiolytic Test Comparisons 

A number of publications have compared the response of the 
same drug in multiple screening tests (e.g. EPM, L-D test, open 
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TABLE 2 

Receptor pathway for hormetic responses 



Screening 






Antagonists/ 




test 


Agonist 


Receptor 


blocking agent 


Reference 


Pain 


PGE 2 


NMDA 


... 


Nishihara et al 1995 


Forced swimmin 
orce swimming 


Hypericum extracts 


Dopamine 


MultMe D andD § 
u ipe 2 an 3 


Butterweck et al., 1997 








BicucuUme & 




Vogel's conflict test 


Amperozide 


BDZ 




Engel et al., 1989 


Attention deficit 


Methylphcn j idate 


cy2-adrenoreceptor 


Idazoxan 


Arnsten and Dudley. 2005 












EPM 


CPA 


Adenosine 


CPX blocked effect of 


Jain et al., 1995 








CPA 




SIT 


Chlordizaepoxide 


BDZ 




Quock et al., 1993 




Nitrous oxide 








Staircase test 


Alprazolan 


BDZ 


Hnma/enil 


Picketal., 1996, 1997 


Epileptic model/seizure 


Morphine 


Opiate 


Naloxone 


Lauretti et al., 1994 


Light-dark test 


Buspirone, Sulpiride 


Dopamine 


Apomorphine 


Pich and Samanin, 1986 


EPM 


dl-THP 


BDZ 


Multiple antagonists 


Leung et al., 2003 


Pain 


Apomorphine 


Dopamine, D 2 


Antagonist 


Pelissieret al, 2006 








s-(-)-sulpiride 




Learned helplessness 


Corticosterone 


Glucocirtuciud 


GR depletion (RU 


Kademianetal.,2005 






receptors 


38486) 




Freezing effect 


Spermidine 


NMDA 


Antagonist arcame 


Rubin etal, 2004 


Self grooming 


m-CPP 


5-HT 2C 


Multiple antagonists 


Grafetal.,2003 



field test, and others). While these findings can often present 
some measure of complexity, there has been a general observa- 
tion that a drug that displays an anxiolytic effect in one screen- 
ing test may very likely do so in other screening tests, assum- 
ing that the same experimental procedures are followed. While 
there have been numerous examples of quantitative differences 
in hormetic responses with the same drug in different tests, a 
careful examination of the respective dose-response relation- 
ships reveals various agents may display subtle but important 
differences in dose-response features. For example, in a com- 
parison of dl-THP in the EPM and hole-board tests, Leung et al. 
(2003) reported that this agent induced stimulatory responses at 
a lower dose in the EPM than in the hole-board test, while the 
width of the stimulation in absolute terms was similar between 
the two tests (Figure 25, hole-board test section). This would 
suggest that the two tests may be measuring closely related but 
not identical processes. 

Common Downstream Mechanism 

Numerous investigators have provided information on the 
mechanism of action of anxiolytic agents based upon the ap- 
plication of receptor blocking techniques, typically via the use 
of synthetic agonists and antagonists. Table 2 lists numerous 
receptor-based pathways by which hormetic-like biphasic dose 
responses were reported for anxiolytic endpoints. These recep- 



tors include the benzodiazepines, adenosine, dopamine, opiates, 
NMDA, 5HT, glucocorticoids, and the alpha-2 adrenoreceptor. 
By blocking the pathway activated by these receptors, anxiolytic 
effects induced by many different agents have been prevented 
and then linked mechanistically back to a specific receptor path- 
way. Other receptor-mediated pathways have been identified 
as essential for agonist-induced anxiolytic effects but did not 
present experiments with receptor blocking agents. In this re- 
spect it is interesting to note that approximately 12 different 
receptor pathways have been shown to facilitate the occurrence 
of a low-dose enhancement of the anxiolytic effect, with each 
activated pathway leading to an anxiolytic response with sim- 
ilar quantitative features of the dose response. This suggests 
that factors determining the quantitative features of the dose 
response may occur at a downstream convergence site. This 
convergence site concept suggests the existence of a type of 
metabolic carousel in which the receptor pathway leads to a 
type of "central station" integration process center. 

Why Endogenous Agonists Have Few Side Effects 

There has been some discussion and analysis to develop a bi- 
ologically based framework to account for the quantitative fea- 
tures of the dose response. As discussed in the GABA agonist 
section, there may be considerable advantages for endogenous 
ligands to be partial agonists with dual functionality that could 
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limit one's agonist activity and affect a biphasic dose-response 
relationship. This was seen as a possible way to limit undesirable 
drug side effects while at the same time broadening the concen- 
tration range over which an optimized response could occur (Im 
etal., 1995; Jacobsenetal., 1996a, 1996b, 1999). While these au- 
thors have utilized this concept in a search for partial GAB A ago- 
nists that might display biphasic dose responses, their conceptual 
framework could be generalized to a broad spectrum of endoge- 
nous ligands and maybe a strategy for minimizing the occurrence 
of side effects under routine, not exogenous exposure, situations. 

Anxiolytic Drugs, Self-Reenforcement, and Hormesis 

While this article has principally assessed the dose responses 
of anxiolytic drugs within the context of animal model screening 
tests, it is important to recognize that anxiolytic agents can 
be drugs of abuse. Consequently, they have been extensively 
assessed with respect to intravenous self-administration and 
schedules of reinforcement within the context of addictive 
behavior. As early as 1955, Dews demonstrated the importance 
of ongoing behavior in determining drug effects. In his studies, 
pigeons were trained to peck a key under two different inter- 
mittent schedules of food presentation: a fixed interval (i.e., 
food offered after a specific duration) or fixed ratio (i.e., food 
offered after a certain number of pecks, independent of time). 
After the responding by the pigeons had become stable on both 
schedules (fixed inlerval/nilio), a broad range of pentobarbital 
doses was administered. In this study, fixed-ratio responses 
were depressed by 4.0 or 5.6 mg pentobarbital/bird. While 
fixed-interval responding was also markedly diminished, the 
reduction started at lower doses (1.0 mg/bird). Furthermore, the 
fixed-ratio responding was increased by doses of pentobarbital 
that decreased fixed interval responding. Further lowering of 
the doses (i.e., down to 0.25-0.5 mg/bird) induced increased 
rates of responding on both schedules. 

The experiments of Dews revealed that the effects of a drug 
can depend on the type of ongoing behavior. This behavior is 
likewise contingent on the schedule of the reinforcement that 
sustains that behavior. A similarly important observation by 
Dews was that the drug's effect depends on drug dose. These 
findings had a major impact on the field of psychopharmacol- 
ogy, leading to widespread recognition that many drugs display 
an inverted U-shaped dose response relationship with a stimu- 
latory effect at low doses and inhibitory effects at higher doses, 
but nevertheless occurring within a dose range that can alter be- 
havior while not inducing anesthesia, ataxia, or general toxicity 
(Seiden and Dyskra, 1977). 

While classes of drugs (e.g., psychomotor stimulants, an- 
tipsychotics, narcotic analgesics, narcotic antagonists, tricyclic 
antidepressants, hallucinogens, cholinergic blockers, choliner- 
gic agonists) need to be separately evaluated, antianxiety agents 
(e.g., amobarbital, pentobarbital, phenobarbital, chlordiazepox- 
ide, diazepam, and oxazepam) have been generally recognized as 
displaying an inverted U-shaped dose response, independent of 
the type of schedule of reinforcement: i.e., fixed interval (Dews, 



1955, 1964; Kelleher et al., 1961; Richelle et al, 1962; Cook 
and Kelleher, 1962; Laties and Weiss, 1966; Bignami and Gatti, 
1969; Wuttke and Kelleher, 1970; McMillan, 1973), fixed ra- 
tio (Dews, 1955; Kelleher et al., 1961; Morse, 1962; Cook and 
Catania, 1964; Waller and Morse, 1963; Rutledge and Kelleher, 
1965; Wedeking, 1968, 1974), differential reinforced low rate 
(DRL) (i.e. , like an FI schedule in that only the first response after 
a specific interval is reinforced; however, no response may occur 
during the interval; responding on the DRL is typically mea- 
sured in terms of inter-response times) (Kelleher et al., 1961; 
Morse, 1962; Richelle et al., 1962; McMillan and Campbell, 
1970; Sanger et al, 1974; Sanger and Blackman, 1975), and 
variable interval (Kelleher et al., 1961; Morse, 1962; Hanson 
et al, 1967; Wedeking, 1974) (Seiden and Dyskra, 1977). The 
quantitative features of these dose responses are generally simi- 
lar with respect to the width and maximum stimulatory response 
and relationship to the zero equivalent point. These quantitative 
dose-response features are also common among drugs of other 
classes, e.g., amphetamine (Byrd, 1973; Gonzalez and ( ioldberg, 
1977; McMillan, 1969; clozapine (Vanoveretal., 1993), cocaine 
(Howell and Byrd, 1991, 1995; Kuzmin et al, 1992), morphine 
(Kuzmin et al., 1996; Spealman et al, 1977, 1979, 1989), and 
nicotine (Risner and Goldberg, 1983), that typically display in- 
verted U-shaped dose responses during assessment of patterns of 
reinforcement behavior. The adoption of a similar quantitative 
dose-response strategy independent of biological model, end- 
point, chemical class, and even schedule of reinforcement be- 
havior represents a very generalized pattern of responsiveness 
that has been virtually unrecognized and not addressed in the 
biomedical, physiological, and evolutionary oriented sciences. 

Anxiolytic and Anxiogenic Effects 

In the assessment of screening tests for anxiolytic drugs, it 
is generally observed that anxiety is reduced at low while being 
increased at higher doses. The same drag therefore is capable of 
causing both a reduction and an increase in anxiety depending on 
the dose. On occasion there are situations in which at low doses 
there are increases in anxiety while at higher doses anxiolytic 
effects occur. The quantitative features of the dose response in 
the low dose zone are similar to those seen for the anxiolytic 
response. Likewise, there are circumstances (e.g.. Substance P) 
in which an agent induces the anxiolytic response at low doses 
whereas in another species the process is reversed such that an 
anxiogenic response becomes the low-dose effect. In these cases, 
the dose-response features are fully consistent with the hormetic 
dose-response model. 

SUMMARY 

Despite the fact that hormetic -like biphasic dose-response 
relationships are quite common and expected in the assessment 
of anxiety responses, the present article represents the first at- 
tempt to integratively document and assess such observations. 
In fact, the lack of such dose-response assessment and inte- 
gration is not unique to this area of experimental psychology 
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but has also been shown to occur in areas of the biomedical 
sciences such as immunology (Calabrese, 2005a), cancer cell 
biology (Calabrese, 2005b), toxicology (Calabrese, 2005c; Cal- 
abrese and Baldwin, 2001, 2003), and others. Researchers in 
these areas have certainly recognized biphasic dose responses 
in their findings, and searched for mechanistic understandings 
and applications in clinical domains (Calabrese, 2008, Calabrese 
et al., 2007). However, there has been a general lack of apprecia- 
tion that highly diverse biological systems display dose-response 
relationships that are quantitatively similar and with similar un- 
derlying general mechanistic strategies that achieve the hormetic 
dose response. 
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Abstract 

Rationale Ncsfatin-I. derived from the protein NEFA/ 
ii«cfcobindin2 (NUCB2). is a newly identified peptide that 
nets as a potent satiety agent, it has been reported that 
peptides involved in the regulation of ingestive behavior are 
also involved in the regulation of the stress response. 
However, the relation between nesfatin-1 and stressor- 
related behaviors like anxiety and/or fear has not yet been 
investigated. 

Objective The effects of intrae ere bro v entricular (ICV) 
injection of nesfatin-1 (0, 5, and 25 pmol/3 ul) were 
assessed in several paradigms that are thought to reflect 
anxiety and/or fear in rats. 

Results Consistent with an angiogenic effect, nesfatin-1 
dose-dependently decreased the percentage of time spent on 
the open arms of the elevated plus maze, increased latency 
to approach, and decreased consumption of a palatable 
snack in an anxiogenic (unfamiliar) environment. More- 
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over. ICV ncsfatin-l increased the fear-potentiated startle 
response and the time spent freezing to both context and 
conditioned cues in a conditioned emotional response test. 
Conclusions These findings suggest that in addition to its 
roie as a satiety peptide, ncstatin-i may also be involved in 
the mediation of anxiety- and or tear-related responses. 

Keywords Nesfatin-1 • Anxiety • Fear • 

Elevated plus maze • Novelty • Fear-potentiated startle • 

t omlirioncd emotional response 



Introduction 

Nesfatin-1 is a newly identified 82 amino acid peptide 
derived from the larger precursor protein, NEFA/nucleo- 
bindin2 (NUCB2) (Oh et al. 2006). This peptide, which is 
highly conserved from mice to man, is abundantly- 
expressed in several hypothalamic regions, including the 
paraventricular nucleus (PVN). supraoptic nucleus, arcuate 
nucleus, lateral nucleus, and the zona incerta (Oh et al. 
2006; Brailoiu et al. 2007). Beyond the hypothalamus, 
nesfatin-1 has also been identified in several other brain 
regions, including the Ivdinger-Vv'estphal nucleus, central 
nucleus of tire amygdala (C'cA). nucleus of the solitary 
tract, caudal raphe nucleus, locus coerufeus, periaqueductal 
gray matter, and the dorsal motor nucleus of the vagus 
(Brailoiu et al. 2007; Fort el al. 2007), Nesfatin-1 has been 
proposed a a novel saner} agent, stemming, in part, 
from its widespread distribution in hypothalamic regions 
on i k i i v o\ id i ^ ■ i i, : ' i! !t n ji >b et al. 
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tion of nesfatin-1 dose-dependently suppressed food intake, 
whereas intracerebroventricular (ICV) administration of 
antibodies directed against the peptide increased food 
intake (Oh et al. 2006). 
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It addition to its role in the regulation of feeding 
behavior, it is likely that this peptidergic system has 
functional consequences involving other physiological 
processes. In this regard, it has been suggested that, as 
behaviors associated with feeding are incompatible with 
defensive behaviors, those systems associated with reduc- 
tions in consummately behavior should be linked directly 
or indirectly to those subserving stressor reactivity (Akana 
et al. 1994; Dallman et al. 1995; Merali et al. 1998; 
Peeoraro et al. 2VdiA). in support of this contention. it is not 
only well-documented that sfresso? exposure alters food 
intake (Levine and Morley 1981; Morley et al. 1983; Marti 
et al. 1994; Valles et al. 2000; Tamashiro et al. 2007), but 
that ip !i , sii h nihil i i , -! , sj < s i k ud 
ing the secretion of glucocorticoids :i ■ ilk tiii! - et al. 
Al-Dainluji et al. 1987; Karbonits e! al. 1996; Piazza and 
Le Moal 1997; Merali et al. I09fj). Moreover, several 
investigators have reported that the state of hunger (fasting 
vs. satiated) as well as the type of weal consumed (high vs. 
low fat content) influences the responsiveness of the 
hypothalamic-pimitary-adrenal axis to stressor exposure 
(Shiraishi et al. 1984; Schwartz et al. 1995; Dallman et al. 
1995; Leal and Moreira 1997; Tannenbaum et al. 1997). It 
is also noteworthy that many of the peptides involved in the 
central regulation of food intake also mediate or moderate 
the stress response. These peptides include (but are not 
limited to) corticotropin-releasing hormone (CRH), gastrin- 
releasing peptide, leptin, ghrelin, orexin. neuropeptide Y, 
and cholecystokinin (Crawley and Corwin \99A; Dallman 
et al. 1995; Hanson and Dallman 1995; Merali et a!. 1998; 
Koob and Heinrichs i 999; Ahima and Flier 2000; Ueta et 
al. 2003; Spinazzi et al. 2006; Anisman et al. 2008). 

In light of these observations, the primary objective of 
the present investigation was to assess the effects of centra! 
nesfatin-1 administration on stressor-reiated behaviors 
reflecting anxiety and or fear. To this end, animals were 
centrally injected with one of two doses of ncsfatin-1 (5 or 
25 pmol; similar to the doses employed by Oh et al. 2006) 
and were assessed in several behavioral paradigms includ- 
ing those that measure innate (unlearned; anxiety responses 
(elevated plus maze [EPM] and novelty-induced suppres- 
sion of food intake), and conditioned (learned) fear 
responses (fear-potentiated startle [HPS] and conditioned 
emotional response [CER]). 



Materials and methods 

Subjects 

Male Sprague -Dawley rats from Charles River Laboratories 
(Saint-Constant. Quebec), weighing 275-300 g upon arrival, 
were doubly housed in standard plastic cages (45x25x 



20 cm) unti! surgcr 

was maintained on a 12-h light/dark cycle (lights on at 0700 
hours) and the temperature (22 C) and humidity (63%) were 
kept constant. Throughout the study , including an initial 1- 
week period of acclimatization to the laboratory, animals had 
free access to food and water. All experiments were 
conducted in accordance with the Guide for the Care and 
Use of Laboratory Animals as well as with the guidelines 
established by the Canadian Council on Animal Care. All 
experiments were approved by the Animal ("are Committee 
of the University of Ottawa. 

Surgery 

•\irimaL. were anesthetized with halothane (2.5%) and 
i ill 1 implan i I -gauge stamk steel 

!!■ h , lain! (Plasties t Risiieke \ -\. 1 : SA) aimed at 
the thud ventricle. For pain control the rats received oral 
Tylenol (100-200 mg kg( for 3 days prior to and 3 days 
following surgery, hi addition, the) received rectal Tylenol 
(50 mg/kg) on the day of surgery and for 3 days post 
surgery. The placemen! coordinates (obtained from Paxinos 
and Watson 1 986) were 4.4 mm posterior to bregma, 0 mm 
lateral and 4.4 mm below the skull surface. The cannula 
was anchored to the skull with three stainless steel screws 
and dental cement. A stainless steel obturator (Plastics One, 
Roanoke, VA, USA) was inserted into the guide cannula 
and was kept patent by daily manipulation, which consisted 
of gently wrapping the rat in a cloth and rotating the 
obturator. Following surgery, animals were individually 
housed and allowed a 7-day recovery period prior to 
behavioral testing. 

Drags and injections 

Nesfatin-1 (Phoenix Pharmaceuticals, Burlingamc. CA, 
USA) was dissolved in Krebs-Ringer buffered saline 
solution (KRB) consisting of (in nmol): 2.7 K + , 145 Na + , 
1.35 Ca 2H ", 1.0 Mg 2+ , 150 CI , 0.05 ascorbate, pH 7.4 
(Moghaddam and Bunney 1989). The control animals 
received an equivalent volume of KRB alone (vehicle). 
Nesfatin-1 or vehicle was microinjected into the third 
ventricle in a 3-pl volume, infused over 60 s, via an 
injection cannula (0.5 mm longer than the guide cannula) 
connected to an infusion pump with polyethylene tubing 
(Harvard Apparatus, Holliston, MA, USA). Following drug 
infusion, the injector was left in place for an additional 60 s 
to ensure drug diffusion 

Behavioral testing 

Naive animals were used in all experiments with the 
exception of the CER paradigm where the same rats were 
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used for both contextual and cued testing with 1 week 
intervening between contextual and cued tests. Ail testing 
was conducted under low illumination (30-40 lx) between 
9:00 am. and 12:00 p.m. daily. 

Elevated plus maze 

The EPM, consisting of two open arms (50*10 cm) and 
two perpendicularly situated arms enclosed by 40 cm high 
walls, is commonly used to assess anxiety-like behavior in 
laboratory- rodents (Fellow et al. 1985; File 1992). The 
EPM was elevated approximately 50 cm above the floor. A 
biacl amain -mr. xiiuied im Jiaem i '■<■ in i:t tk mill: ■!!• i 
of spatial cues and other extraneous stimuli. A video camera 
was mounted above the arena to permit remote monitoring 
and recording. 

Rats (n-8/group) were individually placed in the testing 
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with either vehicle (KRB solution) or n 4 nu ! ■ < ■ 
25 pmol) 15 tnin prior to testing. Each rat was then placed 
onto the open central platform of the EPV! (facing a close-! 
arm). The rats' behavior was monitored for 5 min and 
scored as follows: (1) frequency of entries into the open 
arms (all four paws on an open arm), (2 ) percentage of time 
spent on the open arms (time open/300 x 100), (3) frequency 
of entries in the closed arms, and (4) risk assessment 
behavior (unprotected head dips; head protruding over the 
edge of an open arm and down toward the floor). Between 
tests, the EPM was cleaned with 70% ethanol. The percent 
of time in the open arms, frequency of open arm entries, 
and unprotected head dips are all validated measures of 
anxiety-like behavior on the EPM (Pellow et al. 1985; File 
1992; Griebel et al. 1997; Carobrez and Bertoglio 2005). 
Increases in these measures are indicative of reduced 
anxiety, whereas decreases suggest increased anxiety (File 
1 992). In contrast, the frequency of closed arm entries is an 
index of general activity (Cruz et al. 1 994). 

Approach to a palatable snack in a novel environment 

When presented with a familiar snack in a novel (anxio- 
genic) environment, rodents are reluctant to approach and 
consume the treat. Anxiolytic agents have been shown to 
attenuate the reluctance to approach the snack and increase 
the amount of snack consumed, thus validating this model 
as a test of anxiety (Merali et al. 2003; Merali et al. 2004). 
Rats were habituated to a novel, highly palatable snack 
(Christie HonevAlaick Graham Crumbs) presented in their 
home cage (15 min snack access) for eight consecutive 
days. The snack was presented in a 6 cm diameter ceramic 
dish placed in the center of the cage. During the last 3 days 
of this habituation period, when the approach and con- 
sumption parameters had stabilized (intake varied by less 



than ± 0.5 g), baseline measures of the latency to initiate 
consumption as well as the amount consumed were 
recorded. On the test day, rats received either iCV 
nesfatin-1 (5 or 25 pmol; «=8/group) or vehicle (KRB; 
« =10) and were then returned to their home cage. Fifteen 
minutes later, the rats were presented with the same (now- 
familiar) palatable snack. The latency to initiate snack 
consumption and the amount consumed (over 15 min) were 
monitored. For the next 2 days, rats were again presented 
with the snack in their home cages in the absence of drug 
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to their home cage. Fifteen minutes following treatment, 
rats were transferred to a novel cage (freshly cleaned clear 
Plexiglas test cage without bedding) and presented with the 
familiar palatable snack. 'I he latency to initiate snack 
consumption and the amount consumed (over 15 min) were 
monitored. 

Fear-potentiated startle 

The startle apparatus (Couiboum Instruments, Whitehall, 
PA, USA) consisted of a sound attenuated chamber 
containing two calibrated platforms {18x10 cm.) designed 
to measure the animal's startle response. Animals were 
placed in a Teflon cage (18.5x11 cm) positioned atop the 
platforms. The cage floor consisted of stainless steel rods 
(4 mm diameter spaced 1.8 cm apart) connected to shock 
generators (Coulbourn Instruments; HI 3—1 6). Force 
changes produced by the rats' startle response were 
measured by the startle sensor platform. The resultant 
voltage output from the platform transducer was digitized 
by an analog-to-digital converter card, interfaced with the 
computer, and recorded using; data acquisition software 
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first 200 ms after onset of the auditory startle stimulus. A 
high-frequency speaker, mounted (24 em) above the plat- 
forms, generated white noise, while tones (startle stimulus) 
were generated by a Sonalert model tone generator 
(75 kHz; Coulbourn Instruments). 



The 
day 1, 



HPS s 



were placed inside the s!ai 
dom bursts of white noise (' 
mti/ation and establishment 
mplitudes. On day 2, anim 



ate (#1=8-11/ 
chamber and exposec 
110, and 115 db) for 
individual baseline s 
received a conditioning session where a tone (conditioning 
mi ills ' S ^ iid il 4 J ! m t! is <l 
stimulus; US). Specifically, a 1.0-mA, 0.5 s foot shock 
(US) was administered during the last 500 ms of the CS (a 
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4 s tone; 75 KHz). Thes e were seven CS-US trials with an 
average of 1 mill (randomized) interfrial intervals (IT1). 
Forty-eight hours later (day 4), rats received either ICV 
vehicle or nesfatin-1 (5 or 25 pmol) 15 min before testing 
for fear potentiation. Twenty trials of 1 10 db white noise 
bursts (random 1 mm 1TI) were followed by five trials of 
tones paired with noise bursts, and finally, five noise-alone 
trials. Cages were cleaned with 70% ethanol between 
t ng oi h imai. Rat lat I i i J r i 

the CS (tone) with the US (foot shock) typically display a 
greater startle amplitude in tht present : ofthe t S (Davis :1 
al. I' ; )v'3; Davis Wj), Administration of anxiolytic com- 
pounds decrease the i'PS re-pou-e iii rodents (Daws T'sOi 

Conditioned emotional response 

The conditioning chamber (Coutbourn instruments, 
Whitehall, PA, USA) measured 31x25x30 cm. The front 
and back walh veix madv of cleas tMcxigL-. ano ik mo 
side walls were made of stainless steel panels, The floor 
comprised 16 stainless steel rods (2 mm diameter. 3 em 
apart), connected to a constant current shock generator 
(Coulbourn Instruments; model HI 3- 16). A Sonaiert tone 
generator (Coulbourn Instruments; 75 kHz, low setting) 
was situated in the top rear panel and provided the 
conditioning auditory cue. 

All subjects completed 1 day of training followed by a 
day of testing 24 h later. Training for contextual fear 
occurred 1 week after surgery, whereas cued fear training 
followed 2 weeks from surgery. During the contextual 
training phase, subjects were placed in the conditioning 
chamber where they received six foot shocks (1.0 mA; 1 s 
in duration) on a random schedule with an average 1T1 of 
I min. ( ued fear training consisted of the delivery of six 
pairings of a 20 s tone with a 1.0-mA (1 s) foot shock in the 
conditioning chamber. The shock was delivered during the 
final second of the 20 s tone. Again, each trial was 
delivered at an average ITI of 1 min. 

On the test days, rats («=7-9/group) received ICV 
injections of vehicle or nesfatin-1 (5 or 25 pmol) 15 min 
before testing. Contextual fear was assessed over an 8 min 
period by placing rats in the conditioning chamber where 
they had previously been shocked. Freezing behavior, 
which was used as an index of conditioned fear, was timed 
using the software program ODlog (Macropod Software). 
Freezing was defined as the absence of movement 
excluding involuntary respiratory movements (Blanchard 
and Blanchard 1969). Trained experimenters blind to the 

To assess the CER in the cued condition rat v\ej 
transferred to a novel environment of similar dimensions, 
but visually and textually distinct from the training 
chamber. Specifically, black laminate covered the walls, 



and the floor was smooth (instead of a grid bar floor) and 
covered with bedding chips. Animals were allowed a 1 min 
exploration period and were then presented with the 
conditioned cue (the tone that had previously been paired 
with foot shock). A total of eight tones (each 20 s in 
duration) were presented at 1 min intervals (20 s tone +40 s 
ITI). Freezing was scored as described in the contextual 
test. Chambers were cleaned with 70% ethanol between 
each training and testing session. 

Histology 

Following completion of the experimental procedures, rats 
received an overdose of pentobarbital and 25% India ink 
(1 pl) was delivered through the injection cannula. Animals 
- i !i k I tl !■ i ! i 1 i u > -!.. i ii sul and frozen. 
The location of the cannula was verified histologically 
following thionin staining of the sections. With the 
exception of u\ o cannulas, all others were correctly 
positioned. 

Statistics 

Data obtained from the EPM was analyzed using one-way 
analysis of variance (A NOVA) for each ofthe behavioral 
measures with treatment condition (vehicle, nesfatin-1 5 or 
25 pmol) as the between-group factor. Data from approach 
to a snack in a novel environment experiment was analyzed 
using a mixed measures ANOVA with treatment condition 
(vehicle, nesfatin-1 5 and 25 pmol) as the between-group 
factor and test condition (home vs. novel cage) as the 
within-group factor. For the FPS experiment, to obtain an 
operational measure of fear, data was converted to percent 
change scores (mean startle amplitude on CS+noise trails- 
mean startle amplitude on noise-alone trials- mean startle 
amplitude on noise-alone trials* 100) (see Walker and 
Davis 2002). The potentiated startle data was then analyzed 
using a one-way ANOVA with treatment condition as the 

scores were transformed into a percentage of time spent 
freezing within each i-min bin. These percentage scores 
were then averaged across the 8 -min contextual and cued 
tests and analyzed using a one-way ANOVA with treatment 
condition as the between-group factor. In all experiments, 
follow-up analyses were conducted using t tests with a 
Bonfenoni correction to protect the a at 0.05. 



Results 

Analyses of the EPM behaviors indicated that nesfatin-1 
affected the percentage of time spent on the open arms 
(/•? 2i r Ml.S7; /?<0.0003), the number of open arm entries 



Springer 



P ■ > 10 h I ?<>0m Co' US \2i 



(Pi, 2i = 5.07; /7<0,015), and the number of unprotected 
head dips (F 2 , 2 i=5.76; p<0.01)(see Fig. la-c). The 
follow-up tests revealed that rats that received nesfatin-1 
spent significantly less time on the open arms (25 pmol), 
initiated significantly fewer open arm entries and un- 
protected head dips (25 pmol) relative to vehicle-treated 
rats, in contrast, nesfatin-i administration had no effect on 
the number of closed aim entries (see Fig. Id). 

Figure 2a and b depict the effects of nesfatin-1 on the 
latency to approach the snack and the amount of a palatable 
snack consumed in both the home and novel cages. 
Mixed-measures ANOVA of the amount of snack con- 
sumed revealed a significant test condition (home vs. 
novel i i ,i di i ii ill ik -Emu- i : : or 

25 pmol) interaction (/'?. ?2 - -'- 76; /><0 03'-/). Follow-up 
tests of the simple effects comprising this interaction 



a b 




Nesfatin (pm oi.>'3 jiQ Nesfatin fpmol/3 $3 



i-'ig. I \K ii'- c i V for several ' hr V' on the i t'W among rats 
i 1 it U l e lose (5 pmol) 

of nesfatin-1 (hatched columns), or Ihe high dose (25 pmol) of 

i _ x ! i I i ii i a i i 

onto 'he open .ems of the I PV .mo <\ th me m mimhci of limes 
(±SEM) animals entered onto the closed arms of the EPM. *p<0.05; 
->i it) 1 1 ■> i em from vehicle condition 



indicated that, in the home cage, there were no significant 
differences in the amount of snack consumed. However, a 
marked reduction in the amount of snack consumed was 
evident in the novel cage, which was significantly more 
pronounced following nesfatin-i (5 or 25 pmol) adminis- 
tration. Similarly, analysis of the latency to consume the 
snack revealed a significant test condition (home vs. novel 
cage) x drug treatment (vehicle, nesfatin- 1 5 or 25 pmol) 
interaction (F?, 22=4.76: /?<0.019). Follow-up tests again 
revealed that this interaction was attributable to a novelty- 
induced increase in latency to cat in the vehicle-treated 
animals tested in the novel cage and an even greater 
increase of the latency in animals treated with nesfatin- 1 (5 
and 25 pmol). 

As depicted in Fig. 3. nesfatin- 1 dosc-dependently 
increased the expression of I- PS (7*2. ?f r~4.0l; /?<0.03) 
without affecting the baseline startle amplitude (noise-alone 
trails; F 2> 2 <>"~E19; p<032) (data not shown). The follow- 
up comparisons revealed that rats treated with the high dose 
of nesfatin-i (25 pmol) displayed significantly greater 
startle potential ion than did the vehicle control group. 

The effects of nesfatin-1 administration on freezing 
behavior in the contextual and cued CER tests are depicted 
in Fig. 4a and b. ANOVA revealed that, in both instances, 
percentage freezing varied as a function of the treatment 
condition (F 2> 2 n=3.42 and 3.99, />s<0.05). Follow-up 
comparisons indicated that, in both the contextual and cued 
tests, rats treated with the high dose of nesfatin-1 (25 pmol) 
exhibited more freezing behavior compared to vehicle- 
treated rats. 



Discussion 

In addition to its role in the regulation of feeding, the data 
of the present investigation suggest that nesfatin-i is also 
involved in the mediation of anxiety- and/or fear-type 
behaviors. The EPM and novelty-induced suppression of 
food intake both measure behaviors reflecting uncondi- 
tioned responses, and thus innate anxiety in rodents 
(Rodgers and Dalvi 1997: Merali et al. 2003). In the 
EPM, ICV administration of nesfatin-1 produced an 
anxiogenic effect reflected by significantly less time spent 
on the open arms of the maze and significantly fewer open 
arm entries and unprotected head dips (an index of risk 
assessment behavior), importantly, the anxiogenic effects of 
nesfatin- i on the EPM were not accompanied by nonspecific 
effects (changes of general locomotor activity) reflected by 
closed arm entries (File 1992; Cruz et al. 1994). 

Central administration of nesfatin-1 also produced an 
anxiogenic effect in the approach to a snack in a novel 
environment paradigm. Typically, when a familiar snack is 
presented to a rat in a familiar environment, it will readily 



|ij Springer 



170 



N " r i\ (2008) 20V j 15 - 123 




moo fl^Mftarot 



t 7 < 



Fig. 2 Effect of nesfatin-1 on a snack consumption (in grams) and b 
ii the k 1 k snack {ii is) in the hoii 

and novel cage conditions. Each column depicts snack consumption 
(mean±SEM ovei 5 min) oi 1 iroaeh lalenc) : me in Si vl ) in the 
home cage or tlie novel cage conditions following ICV injection of 




vehicle (open columns). low-dose (5 pmo!) nesfatin-1 (hatched 
columns), or high-dose (25 pmo!) ncsiatin-! (solid columns). *p< 
0.05: significant]} ciit'tcicnt iroin respective home cage baselines; t/>' 
•I i si mi. ..ap liii :,,.||. . ii it i.. i ^ m ioi 



approach and consume the snack. When she Name Miack i:- 
then presented in a novel environment, the latency to 
consume the snack is markedly increased and the amount of 
snack consumed is reduced, and these effects are antago- 
nized by benzodiazepine administration (Merali ctai. 2003; 
Merali et al. 2004). In ttie novel v igc , no I administration 
of nesfatin-1 at both doses (5 and 25 pmol) significantly 
increased the approach latency to the snack and decreased 
the amount of snack consumed relative to the vehicle- 
treated rats. In contrast, in the home cage, nesfatin-1 was 



without effect on either of these behavioral measures. This 
observation is intcrcstm - 10 h do o ;h (In ling that central 
nesfatin-1 inject ion (4 and 20 pmol) suppresses food intake 
(Oh et al. 2006). Based on this finding, it might be tempting 
to speculate that, rather than playing a direct physiological 
role in appetite suppression, nesfatin-1 decreases food 
intake indirectly as a consequence of enhanced fear/anxiety. 
While this remains a possibility, it is important to consider 
that the effects of peptides on anxiety and satiety need not 
be mutually exclusive. In fact, as discussed earlier, many 
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Fig. 3 EPS ii i<Mji_->l \ i in rats treated ICY «i either vehicic 
columns), low-dose is pn.nl j a. s:aOn \ hutched columns), or high- 
dose (25 pmol) nesfatin-1 {solid columns). *p<0.05; significantly 
..hl'meni noil, ceha 5 condition 
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Fig. 4 Percentage t i engaged in i / i i . i Sh\ ) in (he a 
contextual ;a--k it i ! in rcspon-c :o the tear cue applied in a different 
environment, following ICV administration of vehicle (open columns), 
the lovv dose (5 pmol) of nesfatin-1 (hatched columns), or the high 
dose (25 pmolj ot ntslalm 1 («.< < 
different from vehicle condition 
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so called sa 1 h ke states. 

However, the fact that ICV infusion of either antiserum 
directed against nesfatin-1 or antisense oligonucleotide 
(which downregulated the mRNA for NUCB2) increased 
food intake and body weight gain suggests a physiological 
role of this peptide in food intake (Oh et ai. 2006). This 
position is further supported by the observation that 
NUCB2 mRNA expression at regions known to be 
important in the regulation of food intake (PVN and 
supraoptic nucleus) is affected by the state of hunger (Oh 
et al. 2006; Kohno et al. 2008). Possible reasons why a 
decrease in food intake was not observed in the home 
cage may be attributable to differences in the paradigms 
employed. Specifically rats in the Oh et al. study were fed 
normal rat chow as opposed to a palatable snack. Consistent 
with our present findings, we previously reported that 
central administration of CRH, a peptide that also has 
anxiogenic and anorectic properties, did not affect palatable 
snack consumption in the home cage (Merali el ai. 
In contrast, however, central injection of another satiety 
peptide frim-rel isinj piuf red ti eci iambic snack 
consumption in the home cage (Merali et al. 2004). 
Although the neuronal mechanisms mediating these differ- 
ences of peptide effects are not known, it appears that, at 
the doses used, the effect of nesfatin-1 was more aligned 
with the actions of CRH. 

The effects of nesfatin-1 were also assessed in two 
models that measure learned (classically conditioned) fear 
responses, namely, the FPS and the CER paradigms (Davis 
1990). In both models, centra! nesfatin-1 administration 
enhanced the fear response. In the FPS paradigm, rats 
treated with the high dose of nesfatin-1 (25 pmol) displayed 
an increased FPS response compared to vehicle-treated rats. 
This effect was apparent in the absence of any differences 
in startle reactivity in the noise-alone trials. Similarly, in 
both the contextual and cued components of the CER test, 
rats treated with ncsfatin-i ( 2 5 pmol) displayed significantly 
higher levels of freezing compared to vehicle-treated rats. 

Taken together, these findings suggest a generalized role 
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effects are unknown. Based on recent findings, however, 
some speculations are possible. One obvious candidate 
might be through interactions with CRH. Indeed, the 
disti'bnn.m i tram- .n the-e jmra:_i. % -4cm ioth 
abundantly found in hypothalamic regions as well as in 
extrahypothalamic sites such as the CeA (recognized as a 
key structure in the mediation of anxiety- and or fear- 
related behaviors) (Davis 1992; Schulkin 2006), are in 
keeping with the contention that CRH and nesfatin-1 act in 
a collaborative or serial manner (Swanson et al. 1983; Oh 



et al. 2006; Brailoiu et al. 2007; Fort et al. 2007). In mis 
regard, it has been reported that a subpopulation of 
nesfatin-1 neurons in the PVN coexpress CRH (Kohno et 
al. 2008; Price et al. 2008). It will be recalled that CRH is 
as a key mediator of the stress response, and like nesfatin-1, 
produces anxiogenic and fear-enhancing effects in several 
animal models of anxiety and or tear (Kalin and Takahashi 
1990; Heinriehs et al. 1995; Koob and Heinrichs 1999). In 
addition, CRH has clear anorectic properties, demonstrated 
by the ability of central CRH administration to suppress 
food intake (Morley and Levine 1982; Gosnell et al. 1983; 
Richard et al. 2002). 

Oilier than C'RH. another potential candidate through 
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the PVN (Oh et al 2006), whereas administration of the 
melanocortin receptoi tnt ;onist SHI 1 9 tttcnuatcd 
nesfatin- 1 -induced satiety (Oh et al. 2006). The melano- 
cortin system appears to be involved in the mediation of 
anxiety-related behaviors, as administration of a-MSH 
reduced time spent on the open arms of the EPM as well 
as the number of licks in the Vogel test (Rao et al. 2003; 
Chaki et al. 2003). Moreover, pretreatment with SHU9119 
dose-dependently attenuated stressor-induced anxiogenic 
behaviors (measured on the EPM) (Liu et al. 2007'). There 
is also substantial evidence that the melanocortin system 
plays a role in feeding-related processes. For example, 
central administration of melanocortin agonists such as <x- 
MSH or MTIT reduce food intake (Rossi et al. 1998; 
Vergoni and Bertolini 2000). Interestingly, this effect was 
attenuated by blockade of CRH receptors suggesting a 
functional link between the C'RH and central melanocortin 
systems (Dhillo et al. 2002; Lu et al. 2003). Taken together, 
these findings suggest that the relationship between 
nesfatin-1 and CRH and/or the melanocortin system might 
be interrelated. Of course, this suggestion is highly specula- 
tive, and further analyses will be needed to determine what 
role, if any, these systems play in the mediation of nesfatin- 
1 -induced anxiogenic effects. 

In summary, the present set of experiments demonstrates 
that cental nesfatin-1 administration produces anxiogenic 
and fear-enhancing effects in several animal models that 
assess anxiety and/or fear. Like many other peptides that 
are involved in both the regulation of feeding behavior and 
stress-related responses, nesfatin-1 also appears to play a 
dual role in these physiological processes. Although the 
significance of this finding is not known, we previously- 
suggested that peptidergic responses may be activated to 
draw t nl it to externa: events or cues of biological 
significance, irrespective of whether they involve food 
availability or a threat to survival (Merali et al. 1998). 
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Abstract 

The open field is a very popular animal model of anxiety-like behavior. An overview of the literature on the action elicited by effective or 
putative anxiolytics in animal subjected to this procedure indicates that classical treatments such as benzodiazepine receptor full agonists or 
5-HT 1A receptor full or partial agonists elicit an anxiolytic-like effect in this procedure in most cases (approximately 2/3). However, 
compounds (triazolobenzodiazepines such as adinazolam and alprazolam, selective serotonin reuptake inhibitors) that have a different 
spectrum of therapeutic efficacy in anxiety disorders such as panic attacks, generalized anxiety disorder or obsessive-compulsive disorder 
were poorly effective as anxiolytics in the open field test, suggesting that this paradigm may not model features of anxiety disorders. The 
procedure is also relevant for the study of compounds endowed with anxiogenic effects, as such effects were detected after treatments with 
benzodiazepine receptor inverse agonists or with corticotropin releasing factor (CRF) receptor agonists. 
© 2003 Elsevier Science B.V. All rights reserved. 

Keywords: Open field; Benzodiazepine; 5-HT (5-hydroxytryptamine: serotonin); Neuropeptide; Anxiety 




1. Introduction 

Half i 1 934) originally described the open field test for the 
study of emotionality in rats. The procedure consists of 
subjecting an animal, usually a rodent, to an unknown 
environment from which escape is prevented by surround- 
ing walls iVi.tMs ;:iki Cmnmiov I<->?6,\ Hall's apparatus 
consisted of a brightly illuminated circular arena of about 
1.2 m diameter closed by a wall 0.45 m high. He placed rats 
individually in the outer ring of the open field and observed 
the rat's behavior for 2 min, during daily repeated trials. 
Rats were sometimes tested after 24 or 48 h food depriva- 
tion. Hall observed that rats walked more when they were 
food deprived, but not all rats ate. Animals that did not eat 
were termed emotional. When compared to non-emotional 
rats, they had fewer entries in the central part of the arena 
and higher levels of defecation. 

The open field test is now one of the most popular 
procedure in animal psychology (see Belzung, 1999 for a 
review). Different versions are available, differing in shape 



* Corresponding author. Tel.: +33-2-47-36-69-94; fax: +33-2-47-36- 
72-85. 

E-mail address: bel/ung;i/uni\ -iours.fr (C. Belzung). 



of the environment (circular, square or rectangular), lighting 
(lighting from above with a bulb above the open field or 
lighting from underneath with a bulb placed under a trans- 
parent floor, sometimes red light is used), presence of 
objects within the arena such as platforms, columns, tunnels 
(see for example Takabasbi and Kalia. 1989), etc. The 
procedure generally usually involves forced confrontation 
of a rodent with the situation. The animal is placed in the 
center or close to the walls of the apparatus and the 
following behavioral items are recorded for a period ranging 
from 2 to 20 min (usually 5 min): horizontal locomotion 
(number of crossings of the lines marked on the floor), 
frequency of rearing or leaning (sometimes termed vertical 
activity), grooming (protracted washing of the coat). In such 
a situation, rodents spontaneously prefer the periphery of the 
apparatus to activity in the central parts of the open field. 
Indeed, mice and rats walk close to the walls, a behavior 
called thigmotaxis. Increase of time spent in the central part 
as well as of the ratio central/total locomotion or decrease of 
the latency to enter the central part are indications of 
anxiolysis. Some authors use a procedure in which the 
animals are allowed free access to the open field, from a 
familiar cage (see for example v % ~ . In this 

case, the number of risk assessment postures directed to the 
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open field may provide a good measure of the approach 
response toward novelty, that is, exploration. 

The open field has become so popular that its use has 
been extended to a great number of species, including 
calves, pigs, lambs, rabbits, pullets, primates, bush babies, 
honeybees and lobsters. In fact, it has become a convenient 
procedure to measure not only anxiety-like behaviors, but 
also sedation or activity. In fact, anxiety behavior in the 
open field is triggered by two factors: individual testing (the 
animal is separated from its social group) and agoraphobia 
(as the arena is very large relative to the animal's breeding 
or natural environment). It is clear that these two factors 
may trigger anxiety behavior only in gregarious species and/ 
or in species that show fear of open spaces into which they 
are forced. This is precisely the case with rodents that live in 
social groups and in small tunnels. This is of course not the 
case in species such as lambs or cows that live in large 
fields. For these reasons, in experiments involving rodents, 
observers are not measuring the effects of treatments on 
exploration, as is sometimes claimed, but the effects on the 
reaction of the subjects to a stressful event. Therefore, 
anxiolytic treatments do not themselves increase exploration 
in the open field but they decrease the stress-induced 
inhibition of exploration behavior. 

Behavior of rodents in the open field depends mainly on 
the tactile sensory factors. Indeed, mice without vibrissae no 
longer show thigmotaxic behavior, as they lose tactile contact 
with the walls (unpublished data). They therefore display an 
increased percent of entries in the central area, which could be 
interpreted as anxiolytic-likc behavior. One must thus empha- 
size the possibility of misinterpretation of data related to 
effects of some treatments on the sensory characteristics of 
the animals. It should also be noted that exploration can be 
increased by some factors such as food or water deprivation: 
it is therefore very important to verify that a given treatment 
does not act on such variables, before concluding about 
possible effects on anxiety-like behaviors. Finally, open field 
behavior also depends on lighting conditions and the light- 
dark cycle, so that it may be relevant to ensure that a treatment 
does not modify internal clock-related behaviors and to test 
the treatment under different lighting conditions. 

The effects of many different drugs have been investigated 
in the open field, including compounds with effective or 
potential anxiolytic effects (benzodiazepines, serotonin 
ligands, neuropeptides) but also compounds with stimulant 
(amphetamine, cocaine), sedative (neuroleptic) or prostra- 
tion-inducing (epileptogenic drugs) activity. An increase in 
central locomotion or in time spent in the central part of the 
device without modification of total locomotion and of 
vertical exploration can be interpreted as an anxiolytic-like 
effect while the contrary, that is a decrease of these variables, 
is associated with anxiogenic effects. Increased locomotion 
can be considered a stimulant effect while decreased vertical 
activity and locomotion are related to sedation or to post-ictal 
prostration. It should be said here that the decrease in vertical 
exploration appears at lower doses than does the decrease in 
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rearing, so that this variable can be considered a more 
sensitive one. In this paper, we will focus on the effects of 
pharmacological treatment on anxiety measures in the open 
field and not on their sedative or stimulant effects. Therefore, 
this is not a general review on drugs in the open field, but a 
review of the effects of drugs on anxiety-like variables in the 
open field. The action of three classes of pharmacological 
compounds will be reviewed: the effects of compounds 
acting on the GABA A pentamer (mainly benzodiazepine 
receptor ligands but also GABA A receptor, barbiturate and 
neurosteroid ligands), the effects of drug acting like 5- 
hydroxytryptamine (5-HT) (ligands of the different 5-HT 
receptors as well as selective serotonin reuptake inhibitors, 
neurotoxins of 5-HT, etc.) and the effects of neuropeptidergic 
ligands (corticotropin releasing factor: CRF, cholecystokinin: 
CCK, neurokinin: NK, neuropeptide Y, etc). 



2. Effects of compounds acting on the GABA A pentamer 

Classical benzodiazepines are widely used for the clinical 
treatment of anxiety. They act via the benzodiazepine 
receptors which are present on the GABA A pentameric 
complex. The GABA A receptors can be allosterically modu- 
lated by compounds binding to at least six different sites: the 
benzodiazepine receptors, a binding site for barbiturates, a 
site for neurosteroids, a site for the convulsant drugs, 
picrotoxin and /-burylbicyclophosphorothionatc, one for 
flurosemide and one for loreclezole (see Belzung et al., 
2002 for more details). In the clinic, benzodiazepine recep- 
tor agonists and barbiturate receptor agonists have been 
shown to display an anxiolytic action while no such effects 
were seen with other ligands of the pentamer, including 
GABA A receptor agonists. The effects of compounds bind- 
ing on different parts of the GABA A pentamer in animals 
subjected to the open field are summarized in Fable 1. 

Acute administration of benzodiazepine receptor full 
agonists mostly induces anxiolytic-like effects as they elicit 
an increase of the percent of entries in the central part of the 
open field (56% of the studies). However, in some case, 
these drugs also have no effects (3 1% of the studies) or even 
anxiogenic effects (13%). Chronic injection of these com- 
pounds mostly does not elicit any effect (66% of the 
studies). The most used compound is diazepam (52% of 
the studies investigating the action of a benzodiazepine full 
agonist). This range of effects (from anxiolytic-like to 
anxiogenic-like) may be related to the dose used (high doses 
induce non-specific sedative effects) and also to subtle 
differences in species or in procedures. For example, mod- 
erate doses of benzodiazepines are known to decrease 
activity in rats and to increase it in mice; this can lead to 
non-specific modifications in the number of entries in the 
central part of the apparatus. To avoid this it may be useful 
to calculate the percent of central entries, rather than the 
number of entries per se. Some species seem inappropriate 
for the assessment of anxiolytic effects in the open field: for 
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example, for chickens, most of the studies report no effect or 
anxiogenic-like effects after treatment with anxiolytic com- 
pounds. 

Interestingly, triazolopyridazines such as alprazolam or 
adinazolam produce effects very different from those of 
classical benzodiazepine receptor agonists: approximately 1/ 
3 of the studies reported anxiolytic-like effects, 1/3 no effect 
and 1/3 anxiogenic effects. This variability may be related to 
the clinical features of these compounds which are well 
known to be active in anxiety disorders such as for example 
panic attacks ,s o 

rather than on normal anxiety. Indeed, it is to be noted that 
normal and pathological anxiety have a very different 
phenomenology and are underlined by veiy different mech- 
anisms. They are thus modelized in animals by veiy differ- 
ent situations - -:i : ■ ,:. \i For example, the 
mouse defense test battery in mice seem to model certain 
aspects of panic attacks r>- - . : . ■v? v 'x 1997. 1998), 
the free exploratory test situation models some aspects some 
aspects of geneiahzcd anxiet\ v 

and exposure of rodents to cat may rather modelize post- 
traumatic stress disorder (Belzung ct nf., 2001). One may 
therefore suggest that the open field test may not be relevant 
to model such diseases, as it does not offer predictive 
validity for such disorders. The same poor ability of the 
open field to detect anxiolytic-like effects of benzodiazepine 
partial and selective agonists should be noted, which further 
emphasizes the failure of this procedure to fully mimic the 
clinical efficacy of the model. 

As to benzodiazepine receptor inverse agonists, the 
situation mirrors that of agonists, as 62.5% of the studies 
reveal anxiogenic-like effects. Finally, most of the studies 
on the action of neurosteroid ligands (74%) failed to detect 
any activity of these compounds. This is one more argument 
in favor of the idea that the open field may not model 
various aspects of anxiety disorders, as neurosteroid abnor- 
malities have been specifically detected in some anxiety 
disorders. For example, patients with generalized anxiety 
disorder have significantly lower levels of pregnenolone 
sulfate than do control subjects S nsrt k t ai 2001). 

Finally, 57% of the studies involving GABA A receptor 
agonists failed to reveal intrinsic effects of such compounds. 
This is not very surprising, as GABA receptor agonists are 
not endowed with anxiolytic activity (Agrao ei at, 1991). 
The fact that 43% of the studies revealed anxiolytic-like 
effects with such compounds is surprising and shows that 
this model may in some cases be sensitive to false positive 
effects. Barbiturates are generally anxiolytic in the open 
field (75% of the studies), which parallels clinical data. 



3. Effects of serotonin-like acting drugs 

Considerable research has been undertaken since the 
early 1980s on the anxiolytic-like activity of drugs acting 
on serotonin (5-HT) neurotransmission, particularly com- 



pounds that bind selectively on 5-HT 1A receptors (agonists, 
but also antagonists) or inhibit 5-HT reuptake (Selective 
Serotonin Reuptake Inhibitors) (see GriebeL 1995, 1996. 

999a Belzung 1 SOI for reviews). A summary of the 
studies investigating the effects of these compounds in 
animals tested in an open field is presented in Table 2. 

Parenteral administration of full or partial agonists of 5- 
HT 1A receptors generally induces anxiolytic-like effects in 
animals subjected to the open field. Indeed, 8-hydroxydi- 
propylaminotetralin (8-OH-DPAT) elicited anxiolytic-like 
effects in 62.5% of the studies (exactly as benzodiazepine 
full agonists) and partial agonists such as buspirone, gepir- 
one or ipsapirone were anxiolytic in 73.3% of the studies. 
This can be compared to the effects of these compounds in 
other animal models of anxiety. For example, we have 
shown that 5-HT 1A receptors agonists had anxiolytic-like 
activity in 74% of the preclinical studies (Belzung, 2001). 
So, one may conclude that the ability of the open field to 
detect anxiolysis of 5-HT 1A receptors agonists is exactly the 
same as that of other animal models of anxiety, which 
renders this model suitable for the assessment of the 
anxiolytic-like activity of such compounds. 

However, this does not extend to other putative anxio- 
lytic treatments. Indeed, chronic administration of not only 
Selective Serotonin Reuptake Inhibitors (fluoxetine, ami- 
triptyline, clomipramine, paroxetine) but also of other types 
of antidepressants such as the tricyclic, imipramine, never 
elicited anxiolytic-like effects. In 89% of the studies, no 
effects were obtained after such treatments while in some 
cases anxiogenic actions could be observed. This parallels 
results obtained with other animal models of anxiety-like 
behavior. One must remember that the open field test was 
pharmacologically validated with classical benzodiazepines 
such as chlordiazepoxide and diazepam that are effective in 
the treatment of generalized anxiety disorder. In the clinic, 
chronic Selective Serotonin Reuptake Inhibitors and tricy- 
clics have been used successfully in the treatment of panic 
attacks. W; , social 
phobia, post-traumatic stress disorder (Wagstaff et a!., 
2002a,b) and obsessive-compulsive disorders ( fbomsen, 
.:'."S0 V\ , ; s;si..iT ^ i ,;i ?OiO.;j''s. w hich are anxiety disorders. 
This further emphasizes that the open field test may not be a 
model of pathological anxiety, as it has no predictive 
validity for such disorders. 

Regarding the effects of 5-HT 2 receptor antagonists, only 
ritanserin induced anxiolytic-like effects (75% of the stud- 
ies) while no effects were observed with other compounds 
such as ketanserin, methysergide, mianserin or RO 56413. 
This parallels the classical reports of the high variability of 
serotonin effects in the clinic. Finally, non-specific 5-HT 
receptor agonists were always anxiogenic while 5-HTi A 
receptor antagonists elicited anxiolysis in 56% of the studies 
and no effect in the other cases. This may be related to 
differences in mechanisms (some antagonists selectively 
bind to 5-HT 1A receptors while others also have an affinity 
for other neurotransmitter receptors). 
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Table 3 

Effects of C'RF ligunds on animals subjected to the open field 



Drug 


Mechanism 


Animals 


Doses (mg/kg) 


Routes 


Effects 


Comments 


Reference 


a-hel CRF 9 _4i 


CRF 1/2 


Wistar rats 


5 ng/5 pi 


i.c.v. 


0 




Knma; and K >n\h. 




antagonist 


(310-330 g) 










1996 


a-hel CRF 9 .4i 


CRF 1/2 


BALB/c mice 


0.8-8 nmol 


i.c.v. 


0 




Morsau et aL, J 997 




antagonist 


(10 weeks) 












Antisense ODN 


CRF gene 


Sprague - Dawley 


1 nmol 


hippocampus, 


+ 


Increased 


W«et a!., 1997 




inhibition 


rats (200-250 g) 




4 injections 




exploration 




CRF 


Endogenous 


Wistar rats 


0.15 nmol/2 ul 


i.c.v. 


- 




Sutton et aL, ;9S2 




peptide 


(200-230 g) 












CRF 


Endogenous 


Sprague - Dawley 


150pmol/2ul 


i.c.v. 


- 




Biitton et ai., 1982 




peptide 


rats (300 g) 












CRF 


Endogenous 


Sprague -Dawley 


0.01-1 ng/1 nl 


am\ edala 


- 


Decrease in 


Liang aud Leo, 'MS 




peptide 


rats (180-230 g) 








locomotor 
















activity, 
















rearing and 
















hole poking 




CRF 


Endogenous 


BALB c mice 


0.01 ug/0.4 ul 


dendate gyrus 




Increased 


Lee and Tsai, 1989 




peptide 


(20-25 g) 




of hippocampus 




locomotor 
















activity in 
















the center 




CRF 


Endogenous 


BAEB c mice 


0.02 ug/0.5 ul 


amygdala 


- 


Increased 


Lee ;■:•« Tsai, 19S9 




peptide 


(20-25 g) 








locomotor 
















activity in 
















the center 




CRF 


Endogenous 


Sprague Dawley 


60 pmol/2 ul 


i.c.v. 






Biitton and fadyk. 




peptide 


rats (250 g) 










1990 


CRF 


Endogenous 


Wistar rats 


0.1-0.4 ug/5ul 


i.c.v. 


- 




Kumar and Karantii, 




peptide 


(310-330 g) 










J 996 


CRF 


Endogenous 


BALB/c mice 


0.2 ug/2 M-l 


i.c.v. 


- 


Increased 


Leeetai., J 987 




peptide 


(20-25 g) 








center region 
















activity 




CRF 


Endogenous 


Wistar rats 


0.015-7.5 


s.c. 


0 




Suitati fA-A, J9S2 




peptide 


(200 - 230 g) 


nmol/2 ul 










CRF 


Endogenous 


BALB/c mice 


0.05 ug/0.7 ul 


caudate 


0 




Lee and Tsai, 1989 




peptide 


(20-25 g) 




nucleus 








CRF + a-hel 


Endogenous 


Wistar rats 


0.1-0.4 ug 


i.c.v. 


(+) 




Kumar and Ksranth, 


CRF 9 . 41 


peptide 


(310-330 g) 










1996 


(5 ug/5 nl) 
















CRF + Diazepam 


Endogenous 


BALB/c mice 


0.2 ug/2 ul 


i.c.v. 


(+) 




Lee et aL J 987 


(2 mg/kg) 


peptide 


(20-25 g) 












Urocortin 


Endogenous 


BALB/c mice 


0.06 nmol 


i.c.v. 


- 




Moieau et aL, 1997 




CRF 2 ligand 


(10 weeks) 












Urocortin + a-hel 


Endogenous 


BALB/c mice 


0.06 nmol 


i.c.v. 


(+) 




Moresuetal, 1997 


CRF 9 .4i 


CRF 2 ligand 


(10 weeks) 












(2.6-8 nmol) 
















Urocortin + 


Endogenous 


BALB/c mice 


0.06 nmol 


i.c.v. 


(+) 






Diazepam 


CRF : ligand 


(10 weeks) 












(0.1-1) 
















Antisense 


Blockade of 


Wistar rats 


0.5 ul/h 


minipumps. 


(+) 






ODN + CRF 


CRFi receptor 


(200-250 g) 












(0.5 ug) 


translation 














CRF 


Endogenous 


Wistar rats 


0.5 ug 














(200-250 g) 












Urocortin + 


Endogenous 


Rats 


0.1 ug 




0 






CRF-OH 


CRF 2 ligand 














Urocortin + 


Endogenous 


Rats 


0.1 ug 




0 






CRF 6 . 33 


CRF 2 ligand 















-. Anxioli lie-like el'I'eel; . anxiogenic-like effect: 0. no anxiolytic or anxiogenic-like effects (in some cases, non-specific effects can be observed but this will 
be specified in the "comment" column!: {-) antagonism ol anxiogenic-like effects: ( I. antagonism ol anxiolytic-like effects; s.c., subcutaneous; i.c.v., 
iniraeerebnu emrieular. Data obtained from G. Gnebel. personal database. 
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Finally, in situ administration of 5-HT 1A receptor ago- 
nists in limbic structures such as the hippocampus was 
always anxiolytic. This parallels the effects observed after 
stimulation of the 5-HT 1A pre-synaptic receptors in other 
rodent models of anxiety (see Griebel, 1995 for a review) 
and suggests that the anxiolytic activity of 5-HT 1A receptors 
may be related to a pre-synaptic target. 



4. Effects of neuropeptide receptor ligands 

Recently, the rapid advances in neuropeptide research 
have stimulated interest in the ability of some neuropeptides 
to act as anxiolytics (see v - ) foi an excellent 

review). Interest has focused on CRF receptor ligands, on 
cholecystokinin, neuropeptide Y, tachykinin (especially neu- 
rokinin) as well as on glucocorticoid and mineralocorticoid 
receptor ligands. 



Studies investigating the effects of CRF receptor ligands 
are presented in FabS ; 3. This table shows clearly that all the 
studies involving i.e. v. injections of CRF found anxiogenic 
effects of the neuropeptide. The sole study that found no 
intrinsic activity had assessed the effects of s.c. injected 
CRF so that the failure of CRF to induce anxiogenesis may 
be attributed to rapid degradation of the peptide. All these 
anxiogenic effects may be due to the interaction of CRF 
with molecular targets situated in the limbic structures as 
anxiogenic effects were obtained after intra-amygdala and 
intra-hippocampal injections of the peptide. Unfortunately, 
no study investigated the effects of specific CRF receptor 
antagonists, so that it is very difficult to conclude further 
about the ability of the open field test to detect anxiolytic 
activity of such ligands. 

Data for the effects of other neuropeptide receptor 
ligands are in Table 4. We found only 15 studies describing 
such effects, 9 of which concerned the effects of neuro- 



Effects of non-CRF neuropeptide ligand oi 


i animals subjected to 


the open field test 










Drug 


Mechanism 


Animals 


Doses 


Routes 


Effects 


Comments 


Reference 


ANP 


Neuropeptide 


Wistar rats 


200 500 


i.c.v. 


+ 




BhaUadiarya 






(180-200 g) 


ng/5 pi 








et al, .1996 


Atriopeptin II 


Residue peptide 


Wistar rats 


5-10 pg/rat 








Poggioli et al., 






(220-260 g) 












BIBP3226 


Y[ antagonist 


Wistar rats 


0.5 |xg 


DPAG 


0 




Kask et al, 






(280-350 g) 












BIBP3226 


Y[ antagonist 


Wistar rats 






0 










(280-350 g) 












BIBP3226 


Yj antagonist 


Wistar rats 


5 pg/6.5 |il 




0 










(300-450 g) 












BIBP3226 


Yi antagonist 


Wistar rats 


0.5 ng/6.5 |il 


DPAG 


0 




Kask et al. 






(300-450 g) 












CCK-8s 


CCK1/B agonist 


Sprague Dawley 


lOOpmol/1 p.1 


median nucleus 






Dauge et al., 






rats (200-220 g) 




accumbens 






1989 


CCK-8s 


CCK1/B agonist 


Sprague -Dawley 


1 fmol-100 


median nucleus 


0 


Rats were 








rats (200-220 g) 


pmol/1 p.1 


accumbens 




habituated to 
the environment 




CGP71683A 


Y 5 antagonist 


Wistar rats 


10 


i.p. 




Rats exposed 








(280-350 g) 








to the elevated 
















plus maze 
before open 
















field testing 




GR 64349 


NK 2 agonist 


Rats 


100-1000 


dorsal raphe 






Stratton et al., 
















1993 


Neuropeptide Y 


Endogenous 


Sprague - Dawley 


1-4 




? 


NPY decreased 


: am! 






rats (220-250 g) 


nmol/5 pi 






spontaneous 


MM\mn., J 987 














activity 




RU28318 


Mineralocorticoid 


Long -Evans rats 


0.5 ng/0.5 pi 


hippocampus 












(300-400 g) 












RU28318 + 


Mineralocorticoid 


Long -Evans rats 


0.5 ng/0.5 pi 


hippocampus 


(0) 






Dexamethasone 


antagonist 


(300-400 g) 










•993 


RU38486 


Glucocorticoid 


Long -Evans rats 


0.2-0.5 ng/ 


hippocampus 


0 




Bitran et a!., 




antagonist 


(300-400 g) 


0.5 pi 








1998 


RU38486 + 


Glucocorticoid 


Long -Evans rats 


0.2-0.5 ng/ 


hippocampus 


0 






Dexamethasone 


antagonist 


(300-400 g) 


0.5 pi 











+, Anxiolytic-like effect: - . anxiogenic-like effect: 0. no anxiolytic or anxiogenic-like effects (in some cases, non-specific effects could be observed but this 
will be specified ill the "comment" column): (0) no antagonism: i.p.. intraperitoneal: i.c.v.. intracerebroventricular: DPAG. dorsal periaqueductal gray. Data 
obtained from (i. Griebel. personal database. 
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peptide injected directly into some specific brain areas. 
Most of the studies concerned the effects of neuropeptide 
Y ligands, either neuropeptide Y Yl receptor antagonists 
(BIBP3226) or neuropeptide Y Y5 receptor antagonist 
(CGP71683A). The neuropeptide Y Yl receptor antagonist, 
administered parenterally or within the dorsal periaqueduc- 
tal gray, never elicited any intrinsic action while the neuro- 
peptide Y Y5 receptor antagonist was anxiogenic. The 
glucorticoid receptor antagonist did not elicit any effect 
when injected within the hippocampus. In fact, due to the 
scarcity of data, it is very difficult to reach a relevant way 
conclusion. 

We applied the synthesis to the preclin- 

ical studies investigating the effects of neuropeptide ligands 
in animal models of anxiety to calculate the proportion of 
articles using the open field. Surprisingly, veiy few used this 
paradigm: only 2/359 studies investigating the effects of 
CCK ligands, 17/343 articles investigating the effects of 
CRF receptors ligands; 1/51 interested in the action of NPY 
ligands and 1/52 in the articles studying the effects of 
neurokinin receptor ligands. The other studies were done 
with other animal models of anxiety, such as the elevated 
plus maze, the light-dark boxes, the mouse defense test 
battery or more classical conditioned conflict tests. Why? 
Two hypotheses can be suggested: either the open field test 
is no longer up-to-date (because of the availability of other 
tests), or was used and negative results were obtained that 
were not found relevant for publication. As to the first 
hypothesis, one may argue that this is not very probable. 
Indeed, in a recent review on the genetics of anxiety-like 
behavior in rodent models fClcmeM et i:L 2002.1. wc 
showed that the open field test was used in 30/68 studies. 
These studies were mostly very recent. Therefore, one may 
propose that neuropeptides may not have very marked 
anxiolytic-like effects in the open field. 



5. Conclusion 

Is the open field test suitable for screening anxiolytic 
activity of pharmacological treatments? To be a relevant 
model of human behavior, an animal test should fit three 
criteria: predictive, face and construct validity. Our review 
of the literature shows clearly that the open field cannot 
claim predictive validity for anxiety in general, as it is not 
sensitive to compounds (alprazolam and chronic Selective 
Serotonin Reuptake Inhibitors) effective in anxiety disorders 
such as panic, obsessional compulsive disorder, social 
phobias and post-traumatic stress disorder. In fact, it seems 
to be sensitive only to the anxiolytic effects produced by 
classical benzodiazepines and 5-HTi A receptor agonists. 
Therefore, one may suggest that the open field may either 
be a model of the normal anxiety everyone is faced by when 
confronted with a stressful or threatening situation but not 
with the features of pathological anxiety or, alternatively, it 
may be a model to test the behavioral effects of classical 



benzodiazepines and 5-HT 1A agonists. However, a radical- 
seeming cautionary comment is needed here. Indeed, the 
disorders termed "Anxiety disorders" in the DSM-IV 
(1994) are called "Somatoform, stress-related and neurotic 
disordeis" m the A 4 classification of the World 

Health Organization. In fact, it is possible that we are 
trapped by the terminology and that the psychiatric diseases 
termed "anxiety disorders" may have no relationship with 
anxiety -like behavior. In this case, of course, the open field 
may gain in predictive validity. 

As to the face and construct validity of this model, one 
may propose that they are fulfilled. In fact, face validity 
implies that the anxiety response (the phenomenological 
aspect) observed in the animal is identical to the one 
observed in humans. In the open field, the observed 
behavior is avoidance of threatening places, which can 
also be observed in humans. In rodents, forced confronta- 
tion with novelty is stressful 1 

Stress induces anxiety-like behaviors, as it does in humans. 
So, the model may also fit construct validity (similar 
etiology). 

In conclusion, the open field test may be a rodent model 
of normal anxiety, sensitive to the anxiolytic-like effects of 
classical benzodiazepines and 5-HT 1A receptor agonists but 
not to the effects of compounds displaying anxiolytic-like 
effects in the clinical entity termed "anxiety disorders". 
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1. Introduction 

Neurotensin (NT) is a tridecapeptide with a wide distribution 
throughout the mammalian centra! nervous system (Emson et aL 
1982), When administered directly into the brain. NT has been 
reported to have several antipsychotic-like behavioral and neuro- 
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Recently, PD 149163 has been shown to produce pro-cognitive effects 
ift the CN"> 3*ei s,si ei it i i i 1 1 i i i 

There is strong evidence that N 1 1 agonists modulate mesolimbic 
dopamine and forebrain acetylcholine transmission in the brain and 
this effect has been presumed to underlie the antipsychotic-like and 
pro-cognitive effects, respectively, of NT and NT mimetics such as 
PD149163 (Naicacbi et al„ 1995;' Szigethy and Beaudet. 1987). Our 
Libotatory discovcfecl that HI roiroetics have mote diverse phartna- 
coiogicai effects, which raises the possibility that they may have 
important actions on oihet circuits relevant to neuropsychiatric dis- 
orders, for example we rep i cmic adi nistration of 
PDM9163 blocks the behavioral effects of a serotonin-2 (5-HT2) 
i i II i ti ! t N 1 ni i i I i ilnini, tikit 
on s in l i u i it s t t ii receptors (nodei et: ah, 

s 1 1 ii iii i I i in i ii pi e 

in anxiety and depression, and inhibition of 5--HT2 receptors speci- 
fically may be i n i i for anxioiysfc and i ti -depression (Mora 
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goni ts, the role of the 

NT! receptor in these ami -fear effects is not known, !n order to 
investigate the role of NT! receptors in fear circuits and to further 
investigate the anxiolytic potential of Nil agonists, we tested the 
eifers of PD149 3 ■> ear-potentiated startie (FPS), a commonly 
employed animal model of anticipatory anxiety. 

FPS is decreased by drugs that reduce fear and anxiety in humans 
such as benzoCiia/.-piivs k i i , i it 1 1 f drugs that have 

herefore 

VPS has been used extensively to test the anxiolytic potential of many 
compounds! s 4 "> in this para- 

digm, the magnitude of the acoustic startle teftex: can be enhanced 
by a conditioned stimulus such as a light that has previously been 
associated with a shock. H?ai -potentiated startle is exhibited when the 
startle reflex is significantly greater when the concit w.t ' i ii, - 



2. Methods 

2.1 Animals 

Seventy-six male Sprague Dawley rats (275-375 g at testing) were 
obtained from Harlan Laboratories, San Diego, California. Animals 
were housed in groups of two in clear plastic chambers in a dimate- 
coot tolled room on a }?.■ 12 houi light/dark cycle (lights on 7 00 am-- 
7:00 pnn. !he iais worn hmitifod p: \<n to w tit: : \li Sim -.-.v. w ■ ■ n red 
d irirtj the iight phasi t! i i ! i i tiot I i 

they were allowed fiee access to food and watei for t he extent of the 
study, except during the actual testing. Behavioral testing was 
performed between 9:00 am and 4:30 pm beginning a minimum of 
7 days after arrival. All studies described in this publication were 
carried out in accordance with the " Principles of laboratory and 
animal care" .as described in the Guide for the Care and Use of 
laho J t I ) ? , s ed mi i i tl u I i\ 

Institutes of Health (Publication No. 85-23. revised 1985). 

2.2. Drugs 

PD149163 was generously made available by the NIMH Chemical 
Synthesis and Drug Supply Program (Washington D.C.5. and SKI inter- 
national (Menlo Park, California). 

2.3. Startle testing and test sessions 

Startle testing was performed in two identical startle chambers 
i i hist i omen - i I , L i L a Each 

chamber consisted of a clear non-restricnv.- i'tm wi.-. olntrfn ie ting 
on a Piexiglas platform inside a ventilated enclosure, housed in a 
ooi battel j i rooi > < , f i > « > in i ■ t of 65 dB, as 
well as the various acoustic stimuli, were produced within each 
chamber by a high-frequency loudspeaker (Radio Shads Supe: tweeter. 
San Diego, CA). The whole-body startle response of each animal 
produced vibrations of the Piexiglas cylinder, which were transduced 
into analog signals by a piezoelectric unit, mounted underneath the 
Piexiglas platform (Mansbach et ai 9S ) Ihese analog signal v* it 
i i i hi ii onnected to a micro- 
computer Startle amplitude was donned as the amount of motion 
detected by the piezoelectric unit. The startle stimulus was a 40 ms 
95 dB btn tofw! it.- i cot 

2.4. Baseline matching 

Approximately three days before fear conditioning rats were 
i t es po-ure to 30 95 dB 

startle stimuli in the dark. This session was used to match groups of 
animals for similar levels of startle. 



2.5. Training 

For two consecutive days animals were placed in dark startle 
chambers for 5 min prior to exposure to 10 iight thock pairings ha I 
Sight-shock pairing consisted of a 3,7 s light (15 W, 6 its. from 
chambers) and a 0.6 rnA shock delivered riming the last 0.5 s of light 
CAposme. The shock was generated Dy shockers conciectecl to a grid 
(San Diego Instruments) covering the bottom of the startle chamber, 
h average intertrlal interval was ii i dn from i mini 

2.6. Potentiated startle testing 

Oil the day following start le training animals vvete injected with 

of background noise followed by 10 95 dB stinu Ii 1 
pteseiited with 20 95 dB trials (noise -only} in the dark and 20 trials 
where the 93 dB noise bru sis were presented 3.2 s after the onset til' 
the light i Sight* noise), fotetstimulus Intervals vvete all 30 s. Rats were 

i i ! t e ti n m- om c: lo \[ • ol slat J 1 sessions lit 

one session type, 20 noise only stimuli vvete- presented followed by 20 
lights-noise stimuli. In the other session type, the order of trial pre- 
sentation was reversed so that 20 light + noise stimuli were presented 
initially, followed by 20 noise-only presentations, in order to control 
for any otder effect ofthe stimulus -type. We user! this paradigm rather 
than using one session type with randomly presented noise-startle 
and startle- alone f t soils, throughout the session because in parametric 
studies that we conducted prior to this experiment, this paradigm 
(non-random assignment) produced more robust FPS than random 
presentation. We hyp i because the CS produces an 

emotional arousal (fear) in animals that likely lasts longer than the 
very short 30 second interval between the startle stimuli. Therefore, 
the arousal produced by CS likely "leaks" over to startle-alone pre- 
sentations that may follow is. By separating CS-startle and startle- 
alone presentation into different halves of the startle session, the 
carry-over phenomenon is likely mitigated. Counterbalancing the 
order of presentation as we did controls for any order effect. 

Two separate experiments were performed. The first experiment 

SCimeettnn of i 149163(001 01 or 1.0 mg/kg). After 

reviewing the results of the first experiment, we performed a second 
experiment to confirm an apparent effect on FPS observed with the 
highest dose in the first experiment. In this second experiment a new 
setot l'ot ty rats vvete treated with either saline or 1,0 trig/ kg PD149163 
and tested In the same HPS paradigm. 

2.7. Data analysis 

The first ten 95 dB stimuli of the startle session were used to 
habituate animals to the 95 dB noise bursts and were not used in the 
data analysis. Data were revie vec 3rtd myarnn s! I t 
values less than 10 or greatet than 3.0 standard deviations (SD) from 
ttie giottp mean (outliei ; were exciuderi from the data analysis, fn the 
dose-respoi e study one animal it tl 51 tic rvli g tic 1 It 
t i f 1 1 I, 1 it tl ! i ! f o t ! i 1 1 ! ft 

were less than 10 and were not included in the data analysis. One 
t i r i u lo m eioi.otaili.it n 1 tn h dial was 

greater that 3 SD from the mean and was excluded. Eight PD149163- 
treated animals that exhibited startle values less than 10 m ri te second 
study were excluded from data analysis. There were 16 rats in each 
group after eliminating the "non-startlers" In expeiiment #2. 

\ percent score for FPS was cak 1 limal by using the 

following formula: [(mean start ie magnitude on iight- noise trials -mean 
startle magnitude on noise alone trials}/ mean startle magnitude on 
u dc ie ti 1 xjot « ) Wii Sow V jle and 

Davis. 2007). We analyzed these data using percent FPS vs. absolute 



change in o an I- ei , ( (startle + light} - startle-aloe.e) ro compensate for 
i i i i 3t It levc ; fa a if ; 

< II l lc < J "KC'liUgl (SKiCrlsO j Hi if , ftp 

in f ir noes in baseline releai ong the rats, whether due 

to inherent generic dlf'fetences or differences produced by the different 
drug treatments (e.g., PD 1491 63 doses versus saline). This is a common 
approach used, for example in studies of prepuise inhibition of startle, 
another modified startle measure, where percent PP1 is typicaiiy mea- 
sured to control for potential confounding effects of drugs on baseline 
startle. Paired f -vests were used to determine if the conditioned stimulus 
(light si^-niK i litti it i oeuedFPS). 

iti the dose-response stttdy, the effects of the PD 149153 startle re- 
house i nue , 9. ■]( .nir.'.ti o I J rou ' - 'tsVoi 
drugrii , in its tct ! I p t i 
conccUri i ii Iti A i i i ii k f I i I i I i I 
also used to compare each PD149163 dose group with the saline-treated 
group. !n the second cxp rimc-m it ,'hi fiord oi aline m nei t 
f PD149;G3 wa tested at) independent t-tt t wert used to compate 
in s itii ti p i i ! treated versus the PD;4 treated 
animals and rise same approach was used for FPS data. Startle (95 clB 
stimuli pros i b 1 1 t tl f i i ■ 1 1 s t > id 1 1 i i i 
manner to the FPS data. 

3. Results 

3.1 Baseline sterile 

In the first experiment, PD149163 produced a non -significant trend 
towards a reduction in startle magnitude at all three doses, h\3, 27)= 
1.70, NS (Fig. 1A). in the second experiment. PD149163 significantly 
decreased startle magnitude (f(30)=2.04, P<0.01) (Fig. 2A). Startle 
magnitude values in saline and PD 1491 63 treated animals were 
comparable to those in the Sirs: experiment. 
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( ; te . ^ ^ c 
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s t 1 , , r - ualed startle 

»•: e 1 p d : percen scoies [ ir pan taite 
lean startle magnitude on noise alone trialst/mean 
100. PD149163 significantly different from 




3.2. hfcji-potenticiieti sterile 

Comparison of the startle response to noise alone versus light: plus 
noise in saline-treated rats revealed that significant fear-potentiation 

i I I l c I ufl c o lespni t ( \pi iti mi t 

(t(10)«1.83. P<0.05), and the second experiment (f(15)=1.75, P<0.01). 
Slat j i t i I i i i j u > i j M\ m the 

saline ir-»jt£( 1 ip ,1th t«, • i n i . 

In the dose-response study, ANOVA revealed no significant main 
effect of drug treatment on percent HPS (F(3.27)=2.30, P-0.100. 
Ho ver, visual insf i i hep if!, ta ( ledrharthc 
low and middle doses of PD 149163 produced a modest non-significant 
increase in FPS, whereas FPS was completely- blocked at the highest 
dose of PD149163. Planned post-hoc t-tests revealed that FPS at the 
highest dose, but not the other two doses of PD 149363 differed 
fioautly front ti PS iti tl ine-trt < ! 1 0,502 

P<0.05). 



inti 



diichv 



apparent effect of high dose PD 149163 on FPS, animals treated with 
the highest dose of PD14915> i i it! i rased per 

cent PPS compared to chose treated with saline, (f(30)- 1.70, !>■ 0.01) 
(Fig. 2B). 

4. Discussion 
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The findings indicate that the hij 
PD149163 blocked FPS in Sprague Dawley rats. Although the ANOVA used 
to analyze the FPS data in the first experiment did not produce a 
signifi< ant ma 
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not drug effect: 
i that 



othe 
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trast. buspiioac, another known anxiolytic, increases baseline staole 
hut: decreases LPS - 

providing further evidence that drug effects on baseline startle and 
FPS can be dissociated. Nevertheless to the extent that reduction in 
baseline startle is proposed as predictive of an anxiolytic, it is note- 
worthy that PD149163 reduced both baseline startle and FPS. 

It is not totally clear where in the brain PD149163 acts to block FPS. 
However, a strong possibility would be the amygdala, a region impli- 
■ aa ill a > a i, , i ■ i d i i 

ei aP 200-1; MiShasia ei ah. dOOo]. The centra! amygdala (CPA) Is 
necessary for the acquisition and expression of conditioned fear via a 
am'i 1 v N is co expressed in 

GABAergic neurons in the CEA (Batten et ai„ 2002) and Nil receptors 
I t rPn I i si i 

I Inn m d C i reases c-fbs and zif268 expression in the 
i iA i ' 1 i n It t .s i n a 1 

region. Howeves i an i i i t ding md iced 

c-fos levels in the CEA may not be associated with die attenuation of 
FPS (Beck and Fibiger, 1995). Further work will be needed to 
determine if the CPA mediates N'l -induced blockade of FPS. 
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nd antidepressant drugs, particularly SSK! anti- 
ants, are the most widely used anti-anxiety agents with proven 
clinical efficacy (Pickads and Rynn 2002). Benzodiazepines generally 
reduce FPS after a single vs., 1 .>reas SSRls tend 

not l:o(Borghardietal„ 2004). These effects are consistent with clinical 
experience t hat benzodiazepines produce anxiolytic effects in patients 
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